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1. INTRODUCTION (DRAM) 


4M bit | AMt KM41C1000D-6 


KM41C1000D-L6 


KM41C1000D-7 KM41C1000D-8 


KM41C1000D-L7 


KM41C1000D-L8 


KM44C256D-6 KM44C256D-7 _ KM44C256D-8 
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KM44V1004CL-8 
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KM44V1004CL-6 KM44V1004CL-7 
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OG) 





MEMORY ICs 


FUNCTION GUIDE 





: 4 7 








<= 


KM44C4104A-5 
KM44C4104AL-5 
KM44C4104ASL-5 


KM44C4010A-5 


KM44C4110A-5 


| ELECTRONICS 


KM44C4104A-6 | 
KM44C4104AL-6 


KM44C4104ASL-6 


KM44C4010A-6 


KM44C4110A-6 


KM44V4000A-6 
KM44V4000AL-6 
KM44V4000ASL-6 
KM44V4100A-6 
KM44V4100AL-6 
KM44V4100ASL-6 
KM44V4004A-6 
KM44V4004AL-6 
KM44V4004ASL-6 
KM44V4104A-6 


KM44V4104AL-6 


KM44V4104ASL-6 


KM44C4002A-7 
KM44C4104AL-7 
KM44C4104ASL-7 
KM44C4010A-7 


KM44C4110A-7 


KM44V4000A-7 


KM44V4000AL-7 


¥ 


KM44V4000ASL-7 


KM44V4100A-7 


KM44V4100AL-7 


KM44V4100ASL-7 


KM44V4004A-7 


KM44V4004AL-7 
KM44V4004ASL-7 


KM44V4104A-7 


KM44V4104AL-7 


KM44V4104ASL-7 


KM44C4002A-8 
KM44C4104AL-8 
KM44C4104AS L-8 
KM44C4010A-8 


KM44C4110A-8 


KM44V4000A-8 
KM44V4000A L-8 
KM44V4000ASL-8 
KM44V4100A-8 
KM44V4100AL-8 
KM44V4100ASL-8 
KM44V4004A-8 


KM44V4004AL-8 


KM44V4004ASL-8 


KM44V4104A-8 


KM44V4104AL-8 


KM44V4104ASL-8 


i 


MEMORY ICs 


"Ti 
C 
2 
QO 
a. 
O 
z 
G) 
c 
Ss 
m 





KM48C2000A-5 
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KM416C1000A-6 
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KM416V1000A-6 


KM416V1000A-L6 
KM416V1200A-6 
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KM416V1004A-6 _ 
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KM416V1204A-L6 
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KM416C1 200A 
KM416C1200A-L7 
KM416C1004A-7 


KM416C1004A-L7 
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KM416V1000A-7 
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KM416V1204A-L 


KM432V502-7 


KM432V502-L7 
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KM432V522-L7 


KM432V504-7 
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KM416V1000A-8 
KM416V1000A-L8 
KM416V1200A-8 © 
KM416V1200A-L8 
KM416V1004A-8 
KM416V1004A-L8 
KM416V1204A-8 
KM416V1204A-L8 
KM432V502-8 
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KM432V522-L8 
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64M bit 16Mx4 KM44V16000-5 KM44V16000-6 KM44V16000-7 
* 1st Gen. 
KM44V16100-5 KM44V16100-6 KM44V16100-7 


KM48V8000-5 KM48V8000-6 KM48V8000-7 
LA KM 48v8100-5 KM48V8100-6 KM48V8100-7 





64M bit] 16Mx4 /KM44vi6000A-5 |—|KM44vi6000A-6 |_| kM4aav16000A-7 


* ond Gen 


KM44V16000A-L5 KM44V16000A-L6 KM44V16000A-L7 


KM44V16100A-5 KM44V16100A-6 KM44V16100A-7 


KM44V16100A-L5 KM44V16100A-L6 KM44V16100A-L7 


KM48V8000A-5 


KM48V8000A-L5 


KM48V8000A-6 | KM48V8000A-7 


KM48V8000A-L6 KM48V8000A-L7 


KM48V8100A-5 KM48V8100A-6 KM48V8100A-7 


KM48V8100A-L5 KM48V8100A-L6 KM48V8100A-L7 
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2. PRODUCT GUIDE (DRAM) 
: Power Packages 

Densit Part Number |Speed(ns . 

11M bit }1Mx1 KM41C1000D# _|60/70/80 Fast Page 
: KM41C1000D-L# : 

_ -{256Kx4 [5Vt10% | KM44C256D# _‘[60/70/80 | Fast Page 

KM44C256D-L# . 

4Mx1 5V+10% | KM41C4000C#  {50/60/70/80) Fast Page 
KM41C4000CL# 
KM41C4002C# Static Column 


3.3V+40.3V KM41V4000C# 60/70/80 | Fast Page 
KM41V4000CL# | . 


5Vt10% | KM44C1000C# |50/60/70/80, Fast Page | 
KM44C1000CL# 
KM44C1010C# Fast Page with WPB 
KM44C1002C# Static Column 
~ | KM44C1003C# | Quad CAS 
‘| KM44C1003CL# 
KM44C1004C# | EDO 
KM44C1004CL# 
3.3V+0.3 KM44V1000C# {60/70/80 | Fast Page 
KM44V1000CL# - ” 
50/60/70/80; Fast Page 
| EDO 


KM44V1004C# 
60/70/80 | Fast Page 





5V+10% P:18 Pin DIP (1Mx1) 
20 Pin DIP (256Kx4) 
J:20 Pin SOJ 
Z:20 Pin ZIP 
P:20 Pin DIP: 
J:20 Pin SOJ 
Z:20 Pin ZIP 
T:20 Pin TSOP-II (Forward) 
TR:20 Pin TSOP-II (Reverse 


























1Mx4 










*Quad CAS 
J:24 Pin SOJ i 
T:24 Pin TSOP-II (Forward) 

TR:24 Pin TSOP-Il (Reverse 





























EDO 


KM44V1004CL# 
KM48C512B# 
KM48C512BL# 
KM48C514B# 
KM48C514BL# 
3.3V+0.3V, KM48V512B# 


KM48V512BL# 
512Kx9 15V+10% 


4M BIW |512Kx8 |5V+10% J:28 Pin SOJ 
T:28 Pin TSOP-II(Forward) 


TR:28 Pin TSOP-II(Reverse) 














EDO 
KM48V514BL# 


KM49C512B# = |60/70/80_ | Fast Page 
KM49C512BL# | 


KM416C256B# {50/60/70/80| Fast Page 
EDO 












J:40 Pin SOJ | 
T:40 Pin TSOP-II (Forward) 
TR:40 Pin TSOP-II(Reverse) 














KM416C256BL# 
KM416C254B# 
KM416C254BL# 


KM48V514B# 
256Kx16]5V+10% 
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Power Packages 
pet] [py | rote Fen] rane [MS 


4M B/W |256Kx16] 3.3V+0.34 KM416V256B# 60/70/80 | Fast Page(4K) J:40 Pin SOJ 
KM416V256BL# T:40 Pin TSOP- jI(Forward) 

KM416V254B# TR:40 Pin TSOP-II(Reverse 
KM416V254BL# 


5V+10% | KM418C256B# 60/70/80 ‘| Fast Page 
KM418C256BL# 


16M bit }16Mx1 |5V+10% |KM41C16000A# |50/60/70/80 Fast Page(4k) 
KM41C16000AL# 
















| EDO 













J:24 Pin SOJ (400mil) 
T:24 Pin TSOP-Il (Forward) 






















KM41C16000ASL# (400mil) 
KM41C16002A# Static Column(4K) TR:24 Pin TSOP-II (Reverse 
3.3V+0.34j KM41V16000A# (400mil) 


KM41V16000AL# 
KM41V16000ASL# 
KM44C4000A# 
KM44C4000AL# 
KM44C4000ASL# 
KM44C4100A# 
KM44C4100AL# 
KM44C4100ASL# 


K:24 Pin SOJ (300mil) 

S:24 Pin TSOP-II(Forward) 
(300mil) 

SR:24 Pin TSOP-II(Reverse) 
(300mil) 


60/70/80 Fast Page(4k) 


50/60/70/80| Fast Page(4K) 

















Fast Page(2K) 























KM44C4002A# Static Column(4Kk) 
KM44C4102A# Static Column(2K) 
KM44C4003A# | Quad CAS(4K) *Quad CAS 





J:28 Pin SOJ 
T:28 Pin TSOP-II(Forward) 
TR:28 Pin TSOP-II(Reverse 


KM44C4003AL# 
KM44C4003ASL# 
KM44C4103A# 
KM44C4103AL# 
KM44C4103ASL# 
KM44C4004A# 
KM44C4004AL# 
KM44C4004ASL# 
KM44C4104A# 
KM44C4104AL# 
KM44C4104ASL# 
KM44C4010A# 
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Quad CAS(2K) 





EDO(4K) 










EDO(2K) 
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Power Packages 
[0° |Eippy| Pattunber Beeedoe] —romures | Pare 


| 
5V+10% | KM44C4110A# ]50/60/70/80 Fast Page with WPB(2K]J:24 Pin SOJ (400mil) 


16M bit 
| 3.3V+0.34 KM44V4000A# Fast Page(4K) T:24 Pin TSOP-Ii (Forward) 
| KM44V4000AL# (400mil) 
50/60/70/80 
60/70/80 _ | Fast Page(4k) 
_ [Fast Page(2K) 


KM44V4000ASL# TR:24 Pin TSOP-II (Reverse 


KM44V4100A# (400mil) 





































Fast Page(2K) 






















KM44V4100ASL# S:24 Pin TSOP-II(Forward) 
KM44V4004A# | 
KM44V4004AL# 

KM44V4004ASL# 
KM44V4104A# 
KM44V4104AL# 
KM44V4104ASL# 
KM48C2000A# — 
KM48C2000AL# 
KM48C2000ASL# 
KM48C2100A# 
KM48C2100AL# 
KM48C2100ASL# 
KM48C2004A# 
KM48C2004AL# 
KM48C2004ASL# 
KM48C2104A# 
KM48C2104AL# 
KM48C2104ASL# 
KM48V2000A# — 
| KM48V2000AL# 
KM48V2000ASL# 
KM48V21 00A# 
KM48V21 00AL# 
KM48V2100ASL# 
_KM48V2004A# 

KM48V2004AL# 

KM48V2004ASL# 

















EDO(4K) (300mil) 
SR:24 Pin TSOP-II(Reverse) 


(300mil) 












EDO(2k) 














J:28 Pin SOJ 
T:28 Pin TSOP-II (Forward) 
TR:28 Pin TSOP-II (Reverse 





5V+10% Fast Page(4K) 





Fast Page(2K) 



























EDO(4K) 


EDO(2K) 














KM44V41 00AL# K:24 Pin SOJ(300mil) 
_ ELECTRONICS 


MEMORY ICs FUNCTION GUIDE 














Oi toe Packages > 
Part Number (|Speed(ns 
ee piers Parnumper [preesne] Fearon [Pine 


60/70/80 | EDO(2K) 


60/70/80 | Fast Page(4k) 
60/70/80 


70/80 


FIErTRnAIre | 











KM48V2104A# 
KM48V2104AL# 
KM48V2104ASL# 
KM416C1000A# 
KM416C1000A#-L 
KM416C1200A# 
KM416C1200A8-L 
KM416C1004A# 
KM416C1004A#-L 
KM416C1204A# 
KM416C1204A#-L 
KM416V1000A# 
KM416V1000A#-L 
KM416V1200A# 
KM416V1200A#-L 
KM416V1004A# 
KM416V1004A#-L 
KM416V1204A# 
KM416V1204A#-L 
KM432V502# 
KM432V502#-L 
KM432V522# | 
KM432V522#-L 
KM432V504# 
KM432V504#-L 
KM432V524# 
KM432V524#-L 


16M B/W 3.3V+0.3 J:28 Pin SOJ 
T:28 Pin TSOP-II (Forward). 
TR:28 Pin TSOP-I!(Reverse 
J:42 Pin SOJ | 
T:44 Pin TSOP-II (Forward) 


R:44 Pin TSOP-II(Reverse) 















5V+10% 




























Fast Page(1K) 
EDO(4k) 
EDO(1K) 
Fast Page(4K) 


Fast Page(1K) 













EDO(4K) 


EDO(1k) 


Fast Page(4K) T:70 Pin TSOP-II (Forward) 


R:70 Pin TSOP-II(Reverse) 








Fast Page(1K) 









EDO(4K) 


EDO(1K) 








MEMORY ICs a FUNCTION GUIDE 


Power Packages 
Densit Part Number |Speed(ns Features 
=cy Supply ee 
64M bit | 16Mx4 |3.3V+0.3V KM44v16e000# | 50/60/70 | Fast Page(8K) J:34PinSOU | 


KM44V16100# Fast Page(4K) 
64M bit 


















KM48V8000# 50/60/70 | Fast Page(8k) 


KM48V8100# Fast Page(4K) 















J: 32 Pin SOJ 
-T : 32 pin TSOP II(Forward) 
R : 32 pin TSOP II(Reverse) 


KM44V16000A# | 50/60/70 
KM44V16000A#-L 
KM44V16100A# 
KM44V16100A#-L 
KM48V8000A# 
KM48V8000A#-L 
KM48V8100A# 


KM48V8100A#-L 





Fast Page(8K) 



















Fast Page(4K) 












50/60/70 | Fast Page(8Kk) 







Fast Page(4k) 
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3. DRAM ORDERING SYSTEM 


1 2 3 4 


KM 4 AA B_ CCCCC 










SAMSUNG 
Memory 






Organization 


Product 





Density & Mode/Feature 


Revision 


1. SAMSUNG Memory 


2. DRAM(4) 

3. Organization 
| nnn ene nn nnn nen en ene nen nnn ee nen enn ene x 1 
A meen nec nndenennnnnnnnennananancnnnmacnn x 4 
GB wane newer nnen nen cec nnn nen nnnnnmennennn x 8 
Qa nnnnnnnnn nee oon a nemnrwnwanenaen x 9 
16 wneennnnennnnnennnnnnnnnennnnnnnnnnnnnn x 16 
[i x 18 
Saat X 32 

4. Product 
Cena nner nnnnneneecemnnnnmenencennes 5V 
VV wnnnnnnnnerenennnnennnennnnanennnenennn 3.3V 


5. Density & Mode/Feature 
Refer to the previous "Chapter 2. Product 
Guide." 


6. Revision 


Blan staat eens 1st Gen 
Oe oe 2nd Gen 
perenne ae 3rd Gen 
a ag 4th Gen 
Ep aes ey aoe pe 5th Gen 









5 


Ol oa 
m | ~ 
Th | © 
| © 


Speed 






Package Type 








Power(DC Current) 


7. Power(DC Current) 


Blank ---------------2na---neennnnnnen Normal 
foo eee ece ee Low power 
with Self refresh 


SL wwwwnwcewncnwsnwnnnewanenwencnnanee Super Low power 


comnanenene naan nana naaen SOJ 

TF see amcnmeniieeminncimmnmnmanin TSOP Il (Forward) 

EY Serene eee a seer oae=s TSOP II (Reverse) 

Po wnrenennenanannnnancnnann DIP 

Zoos aneemecencanenannece ZIP 

KK wnnnenennnnnnn cen nnennnn SOJ(Shrinked PKG,SOu) 
aa TSOP II (Shrinked PKG, Forward) 
SR wven-nnnnncensnnnnnnennee TSOP II (Shrinked PKG, Reverse) 

9. Speed 

0 5 envannneencnns 50 ns 

26 60 ns 

= 7 seeeesennnnnee 70 ns 

© & wnnnenn-nnneee 80 ns 





an FIErTonaire 
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* NEW DRAM ORDERING SYSTEM 


This new DRAM ordering system will be used for all SAMSUNG's New DRAM products from 1995. 
In '95 DRAM Databook, only used for 1M 5th Gen., 16M Byte Word Wide 2nd Gen. and 64M DRAM. 


1 2 3 4 


6 06h 7 8 
KM 4 AA B CCCCC D E- F GG 
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SAMSUNG 
Memo Speed 
DRAM 
Organization Power(DC Current) 
Product 
Density & Mode/Feature 
Revision Package Type 
1. SAMSUNG Memory 7. Package Type 
| A eee enna SOJ 
2. DRAM(4) Tonnes senenenenceenennnene TSOP II (Forward) 
. FP} , cnwnnnwcnnewcnen ewe nenm amen TSOP Il (Reverse) 
3. Organization P ---nnnnnnennnnnnnnnnnnnn nn DIP 
| nnnn-nn nnn nnn nner enema nnn enna nen enn x 1 LZ wocewecewcewennncenmenenn -- ZIP | 
A ace near test —— x4 Se SOu(Shrinked PKG,SOJ) 
B wnnnennnnnn manana nnn nee tnnnnnmnnnn x8 GS nnnnnennnenneneneneenennees TSOP Il (Shrinked PKG,Forward) 
ia aaa x9 W --—- morenenrnnamannwwnn TSOP ti (Shrinked PKG,Reverse) 
16 wnnnnnennnnnennnnnnnn—eenneenenennnnne X16 
LO ape ee x 18 8. Power(DC Current) 
aaa x 32 Blank --=-----------n---n-nnennnenaennne Normal 
L necenennnnnnnanennnanananannananannsnnan Low power 
4. Product with Self refresh 
Cee eee 5V a Super Low power 
a 3.3V | 
3 | 9. Speed 
5. Density & Mode/Feature (Same) Be, eee 50 ns 
. ~ 6 -------------- 60 NS 
6. Revision PL poamerre 70 ns 
Blank ---------------------------=20-0" 1st Gen. - 8 -------------- 80 ns 
By worn nnn nnn ennnnnen enn enennenmnmnannn 2nd Gen 
B) son nnn nsinnnwnweneneeneoceennnnanennnann 3rd Gen 
C =-nnnennenennnnnnnnnnnnnnnnentnennenne 4th Gen. 
0 ee 5th GEn 
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KM41C1000D | | CMOS DRAM 
1M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 1,048,576 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power) , and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 1Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES _ Fast Page Mode operation 
* Part Identification ¢ CAS-before-RAS refresh capability 
- KM41C1000D/D-L(5V) ¢ RAS-only and Hidden refresh capability 
| ¢ TTL(5V) compatible inputs and outputs 
° 256K x 4 fast test mode 
e JEDEC Standard pinout 


* Active Power Dissipation * Available in Plastic SOJ, ZIP and DIP packages 


¢ Single +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 





ak 

















D 
¢ Performance range 
; le a 
[eons | tns | 110ns | 40ns | 
[ons “| 20ns ["130ns | 45ns— > 
AO ~A9 iL Q 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


| ELECTRONICS | | : 











KM41C1000D | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM41C1000DJ ¢ KM41C1000DZ 












¢ KM41C1000DP 


? 99288 ‘AQ | Address Inputs: 


| Grounds 
ye a Row Address Strobe 


Column Address Strobe |: 
Ss a Read/Write Input 





is 1 Vcc | Power(+5.0V | 
2 


Vcc 
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ELECTRONICS | 


KM41C1000D a CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 
















Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss 
a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 


reliability. 





Short circuit output current 








RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


_ Paramete 

|Supplyvotage | Voc | as | co] | 
ve 

Inputhigh voitage | Vm | 2a | Lot |v 
[inputlowvottage | ove | 0 | 


*1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse is measured at Vss) 






< 


< 





< 








< 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 











Input leakage current (Any input O<VinsVcc+0.5V | re 5 uA 
all other pins not under test=0 volts.) | 
Output leakage current 
(Data out is disabled, OV<VouTsVcc) | toy | -s | 5 | wa 


-5 
Output high voltage level(loH=-5mA) | V 
Output low voltage level(lo.=4.2mA) | | Vo | - | 04 | Vv 
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LECTRONICS | : | 








KM41C1000D mae | CMOS. DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






‘Don't care 










| ‘ mA 

Iccs Don't care ah 
mA 

' mA 





pteteet ae 


Icc1* : Operating current (RAS and CAS, Address cycling @tRC=min.) 

Icce : Standby current (RAS=CAS=W=Vui ) 

Icca* : RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icca* : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) 

lccs : Standby current ( RAS=CAS=W=Voc-0. 2vV) 

Icce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vix)=Vcc-0.2V, Input low voltage(Vit)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din=W=A0 ~ AQ = Vcc-0.2V or 0.2V , Tac= 125ys(L-ver), TRas=TRasmin~300 ns 





* NOTE : Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1,.. Icca be 
and Iccs, address can be changed maximum once while RAS=Vi. In Icca, Address can be 
changed maximum once within one fast page mode i ha time tPC. | 





KM41C1000D | | CMOS DRAM 


CAPACITANCE (Ta=25°C, Vcc=5V, f=1MHz) 
Parameter 


Input capacitance [D 


Input capacitance [AO - A9] 
Input capacitance [RAS, CAS, W] 
Output capacitance [Q] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition : Vcc=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Vol =2.0/0.8V 


Parameter | sym at cs ie ae i [N 


Random read or write cycle time HG | 0, tan |__e _ 
Read-modify-write cycle time ftrwe | 130 =| 150] ‘| 170 | 

Access time from RAS ae ee aa 
Access time from CAS jtcac | [| ts{ | 20] | 20 ns [3485 | 
Access time from column address ‘ta | —6f 30 | Sd] 38 || 40 | ons | 3,9 | 
CAS to output in Low-Z yz [of fo} pot fe 
Output buffer turn-off dela }torr | o | 15 | 0 | 20[ o | 20] ns | 6 | 
Transition time (rise and fall) ‘ir [3] so} 3] 50] 3 | 50] ns | 2 | 
RAS precharge time tap | ao] | so} | oo] | os | 
RAS pulse width ae ee ee 
RAS hold time me: oj} re 
CAS hold time of Pmt Tap fe | 
CAS pulse wialth 15 [ioc | 20 | roc | 20 | ro | oe | 
RAS to CAS delay time |taco | 20| 45 | 20 | 50 | 20 | 60 | 

RAS to column address delay time oo_}_20 1 a6 { 20.20 | 20} op} oe | 4 
CAS to RAS precharge time ee a 
Row address set-up time en 
Row address hold time riRaH | to | 1! [iy] | 

Column address set-up time ers Sane wey eo 
Column address hold time frcan | is] | as | fas | | ons | 
Column address hold time referenced to RAS} tAR 2 tt 


Column address to RAS lead time tRAL 


a 

Read command set-up time . ere ie 
4 

= 


Read command hold time referenced to CAS hircH | o | | o | | go 
|! Read. command hold time referenced to RAS | tRRH ae ae ee ie 

Write command hold time wena: ae ban 9 
Write command hold time referenced to RAS | tWCR as] | sol es] | ns | 14 
Write command pulse width , fee aot Pia baa oe 
Write command to RAS lead time 15 fast {a5| [as | | ns | | 


Write commandioCASteadtime rows | 18) | is | fs || ms | 
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KM41C10000 Mos DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 


s 
Data set-up time tDS Oh JO Oe. nse er 
Data hold time a ee 
Sarre inert" aaa 6A BO NA 2 RE | 
Petes geesvomay mer fe fa | a Pel 


Refresh period(L -ver) 

Write command set-up time twCS 

_|CAS to W delay time 

FAS to W delay time -_ 

Column address toWdelaytime | tawp | 30 _| 

TAS precharge toWdelaytime =| 1CPWO | 35 _ 

TAS set-up time (CAS-before-RAS refresh) | tcsR_| 5 |_| 

ERS hold ime (CAS-before RAS refresh) | tCHR_| 15 _ 

ae ae ee ae 

CAS george metCO8 cameron) cor[ 20 as{ te | [m= | 
Access time from CAS precharge tCPA 3 5 | ons | 3 
Fast Page mode cycle time | tPC 


Fast Page mode read-mouify-wrte cycle timd tPRWC| 60 | | 60 | | 65 _| 


CAS precharge time (Fast page cycle 


Tee fo | 
FAS gue aniFseapecse) | wast [snk [ and 00 [anos [ 


RAS hold time from CAS precharge — tRHCP 
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ELECTRONICS 


KM41C1000D | CMOS’ DRAM 





NOTES 


_f 


10. 


11. 


12. 


13. 
14. 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before proper | 
device operation is achieved. 

ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is exieified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD2 tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. if tCWD2= tCWD(min), 


—~tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 


output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge i in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access ime is 
controlled by tAA. 

Normal operation requires the "TF" pin to be connected to Vss or TTL logic low level or left unconnected 
on the printed wiring board. 

When the "TF" pin is connected to a defined positive voltage, the internal test function may be activated. 
Contact Samsung for specific operational details of the "test function". 

In a test mode cycle, the value of tRAC, tCAC, tAA is delayed for 3ns.. 

tAR, tWCR, and tDHR are referenced to tRAD(MAXx). 
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KM44C256D CMOS DRAM 


256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 262,144 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal 
or Low power), and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have 
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. _ 

This 256Kx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 


FEATURES 


e Part Identification 
- KM44C256D/D-L(5V) 


e Active Power Dissipation 
Unit : mW 


Active Power Dissipation. 
Le ee 


[aE ea (ee <a 












¢ Refresh cycles 
- | Refresh 
KM44C256D | 512° 









128ms 


e Performance range: 


| 
| 6" 







| -8 | 80ns_| 20ns | 150ns | 50ns_| 


[Normal [ 


eons 
[7 | Tons_|20ns | 130ns | 45ns_| 


e Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

e RAS-only and Hidden refresh capability 

¢ TTL(5V) compatible inputs and outputs 

e Early write or Output Enable controlled write 

e JEDEC Standard pinout 

e Available in Plastic SOJ, ZIP, and DIP packages 
e Single +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


VBB Generator 






Control 
Clocks 















































ak 
os O Buller 
ey 
Memory Array | o pao 
, Refresh Counter 262,144 x 4 E i ie 
@ DQ3 
Row Address Buffer g 
Data out 
AQ ~A8 
OE 
SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C256D CMOS DRAM 





PIN CONFIGURATION (Top Views) 


¢ KM44C256DJ ¢ KM44C256DP ° KM44C256DZ_ 


DQO 
DQ1 


RAS 
N.C 
AO 
Al 
A2 
A3 
Vcc 








AO - A8 Address Inputs | 
DQ0~3 Data In/out 
Vss Ground 


AS Row Address Strobe 


Vcc 
N.C 
NL 









' id 













| Veo Power(+5.0V 
| N.C | NoConnection 
| NL | NoLead 
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KM44C256Dit#t;s CMOS DRAM 


-ABSOLUTE MAXIMUM RATINGS 













occ | 
ae Se eee 
[Powerdissipaion ——S«d—Si | SOSSSC*dYS 
[Shor dreut outputeuvert «dm |SCSCSSSC*dST ma 


. * Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


ie ecbbsaidisebtose silemiailalsa Sone Niclas saa referenced to Vss, Ta= 0 to 70 wi 


- Parameter 


{—r-- — e a 


Ground | ss | 
|Inputhigh voltage | Va | 24 cot"! | 
| Input low voltage | ove | 20? | 


*1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse is measured at Vss) 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






aa ieee current (Any i input O<VinsVec+0. SV hw pA 
all other pins not under test=0 volts.) . 

Output leakage current aE 
(Data out is disabled, OV<VoutsVcc) 

Output high voltage level(loH#=-5mA) ped Peale walcaen 

Output low voltage level(lo.=4.2mA) | ae eee a ee (ty 









KM44C256D | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 














Don't care 
-8 


Don't care Don't care 


Don't care 


Don't care 


-8 
L . 
| -6 
| Don't care “7 95 dis 
| | | 8 50 mA 


Icc1* : Operating current (RAS and CAS, Address cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=Vu ) 

Iccs* : RAS-only refresh current (CAS=Vih, RAS ,Address cycling @tRC=min.) 

Icca* : Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 

Iccs : Standby current ( RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din=W=A0 ~ A8= Vcc-0.2V or 0.2V , Trc= 125ys(L-ver), Tras=Trasmin~300 ns 





“NOTE : Icci, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In !cc1, Iccs 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, Address can be 

changed maximum once within one fast page mode cycle time tPC. 





KM44C256D | CMOS DRAM 


CAPACITANCE(T#=25°C,V Vec=5V , f=1 Mii 


Parameter — 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.0/0.8V 


Random read or write cycle time taste 

Access time from RAS Ce 
Access time from CAS frcac | | is | | 20 | | 20 | ons | 3.4.5 
Access time from column address ere a ee a ee 
CAS to output in Low-Z wuz | of {| of Lo} fm | 3 
Output buffer turn-off dela corr | o | 18 | o | 20 | o | 20 | ns | 6 | 
Transition time (rise and fall) | a ee 
RAS precharge time | fet] fj ws {| 
RAS pulse width et eee eee ee 
RAS hold time eee 
CAS hold time FL 79 | 

CAS pulse with ae eee rae 
RAS to CAS delay time tRcp | 20| 45 | 20] 50 | 20 | 6 | ms | 4 | 
RAS to column address delay time Ptrap | 15 | 30 | 15 | 35 | 15 | 40 | ns | 10 _ 
CAS to RAS precharge time icrP | 5 | {| 5} | s {| [ns | 

Row address set-up time ‘ase | o | | ol] |o} | ns | 
Row address hold time tRAH 

[Column address setuptime =| tasc_ | 0 | 

[Column addressholdtime | CAH | 15 | | 

[Column address hold time referenced toRAS| aR | 50 |_| 


Column address to RAS lead time tRAL. 30 
Read command set-up time tRCS 


Read command hold time referenced to CAS PipcH_ | o | | 0 | 
Read command hold time referenced to RAS Cn 
Write command hold time | tWCH 10 _ | ns 


[Write command hold time referenced toRAS| wor | 45| | so] | 


Write command pulse width tWP 


L| is] | 4s | 
meee kat el te 


= | ped 40 
cieeaninne _ - . 





KM44C256D | CMOS DRAM 


AC Canon nema (O°C<Ta<70°C, See note 2) 


“Parameter 


== ma a A GG 
Dataholdtime df tf te | te | tlt | fl [lo 
DataholdtimereferencedtoRAS | tOHR_ | 50 | | 55| | 60 | | ns | at 
Refresh period(Normal) sss «| REF | | 8 | | 8 | | 8 | ms] 
Refresh period(L-ver) sss sd REF | | 128 | | 128 | | t28 | ms| 
Write command set-up time __{wes|olf [of] |o] |n/7 
CAS to W delay time jtcowo | 40] | 4] | 45 | | ns | 7 _| 
RAS toWdelaytime =| two | a5 | | 95 | (| 05 | | sons | 7 
ColumnaddresstoWdelaytime _——| tawo_| 85 | | eo | | 6s | | ns | 7 
CKS precharge toWdelaytime _—=——s| tcpwo| 60 | | 65 | | 70 | | ns | 
CKS set-up time (CAS-before-HAS refresh) | tcsR_| 5 | | 5 | | 5 | | ns] 
CRS hold time (CAS-before-AAS refresh) | tcHR | 15°} | 16 | [15 | | ns] 
AS toCASprechargetime Ss | wrPc_-(|| 5 | ~~ | 5 |) ~ hd] sl || ns | 
CKS precharge time(CBR coufttertestcycle)| tcpT_| 20 | | 2 | | a0 | [ns] 
Access time from CAS precharge S| tcpa_| | a5 | —sd| as || ~~ | 40 | ns | 3 | 
FastPage modecycletime _—=»—s——si| tec, ~— | go || | 45 | ~~] 50 || S| ns | 
Fast Page mode read-modify-write cycle time tpRwC| so |_| a5 | | 90 | | ns | | 
(ASoumameine fassemrcrs [ce [vo [Pwo [Pao {Pm 

K | trasp_| 60 | 100K| 70 | 100K| 80 | 100K] ns | 
I precharge tRHCP 45 | {so | | n| 
OE accesstime = Ss tea | | ts | ~—| ao | | 20 | os || 
oes ‘to data dela Bs 


Output buffer turn off delay time from OE tOEZ 


eee 
Cameo tee tet tat tel tel — 














a _ : 
Fi FrTRNNirc 





KM44C256D 





CMOS DRAM 


NOTES 


1. 


wo 


10. 


11. 








7 — ELECTRONICS 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. . 7 

ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD2 tRCD(max).. 

This parameter defines the time at which. the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and 
the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and taWD2= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. - | 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading ae in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation. within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | _ 

tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM41V4000C 


KM41C4002C 


KM44C1002C — 


» KM4401003C 
KM44C1004C 
KM44V1004C 
KM44C1010C 


KM48C512B 
KM48V512B 
KM48C514B 
KM48V514B 
KM49C512B 
KM416C256B 
KM416V256B 
KM416C254B 
KM416V254B 
- KM418C256B 


AM DRAM 





KM41C4000C, KM41V4000C | CMOS DRAM 





4M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory Cells within the same row. Power supply voltage (+5.0V or +3.3V), access 
time(-5, -6, -7 or -8), power consumption (Normal, Low power) , and package type (SOW, ZIP, TSCP-II) are 
optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further more, self-refresh operation is available in Low power version. 

This 4Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory for 


main frames ,mini computers, personal computer and high performance microprocessor systems. 





FEATURES ¢ Fast Page Mode operation 

° Part Identification ¢ CAS-before-RAS refresh capability 
- KM41C4000C/CL(5V) e RAS-only and Hidden refresh capability 
- KM41V4000C/CL(3.3V) | e Self-refresh capability (3.3V,L-ver only) 


¢ Fast parallel test mode capability 
¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
e Active Power Dissipation Unit : mW «Common I/O using early write 
oe ee ee e JEDEC Standard pinout 
¢ Available in Plastic SOJ, ZIP, TSOP(II) packages 
¢ Single +5V+10% power supply(5V product) 
° Single +3.3V+0.3V power supply(3.3V product) 


FUNCTIONAL BLOCK DIAGRAM 


Vcc 
Control Vss 
Clocks VBB Generator 


Refresh Timer 


eee ea 
PP [Row Adaress Butter 






































| Data in 
Buffer 


° peuounanee ange: 


i Se SV 
[sro dons | SVBSV_ 
Fro [Bis [Sone ae [VS 
[8 | 80ns | 20ns [750ns| 60ns | 5V8.3V 











Memory Array 
4,194,304 x 1 
Cells 





ps & lO i 










Sense Am 





AO ~A10 


Data out 
- 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM41C4000C, KM41V4000C os GMOS DRAM 


PIN CONFIGURATION (Top Views) 


° KM41C/V4000CU *KM41C/V4000CZ ¢ KM41C/V4000CT 




























on 


. 


AO - Ai0 Address Inputs 
Q. | Data Out | 
.C 
C 


Row Address Strobe 








S 
|W ==—s|-s« Read/Write Input 
| 
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KM41C4000C, KM41V4000C Oo _. CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 







oe a "Parameter 


Hie snany pases —| Yaver [as wae [aware | y— 
TWotage on Vee supnyreatveto Vea | Vee | 05 a6 | 170 |v 
[Powersissipaion _—~=~«dt~SCiP® «||| 


: Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded.Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. ‘ 









RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


: ‘Parameter 


eee ee ne ee 
[Ground | Ve | 0 | 0 

pu invotage | ws [20 [| vena a6 [| env 
‘inputiow votage | vy | 09%] - | o8 | 1 


sca |e Vec+1.3V/15ns(3.3V),Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss | 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


| Input leakage current (Any input OsVin<Vcc+0.3V 
, all other pins not under test=0 volts.) 


Output leakage current 
3.3V (Data out is disabled, OV<Vout<Vcc) 


ee 
[Output low vottage level(la=2ma) | Vk] | | 


Input leakage current ie input ae I) 5 S uA 
all other pins not under test=0 volts.) 
Output leakage current ise 

ov ee a cee out is disabled, OVsVoutsVcc) ee 
[Output high voltage levellon#=-5MA) high voltage level(loH=-5mA) aot 
Output low voltage level(lo.=4.2mA) as ae 





LECTRONICS 7 | 





KM41C4000C, KM41V4000C CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






85 mA 
| 75 | mA 
Icoc1 Don't care . ' uk 


Icc3 Don't care 


ie 
ee Don't care 
Iccs 


Icce Don't care 


Icc1 *: Operating current (RAS andCAS cycling @tRC=min.) 

Icce : Standby current (RAS=CAS=W=Vii ) 

ccs *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icca *: Fast Page Mode current (RAS=Vi, CAS, Address cycling cea 

Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 

Icce *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS=0.2V | 
Din = Don't care, Trc= 125ys(L-ver), Tras=TRasmin~300 ns 

Iccs : Self refresh current 
RAS=CAS=Vi, W=OE=A0 ~ A10= D= Vec-0.2V or 0.2V 


. 2 fe 
| - ah 








*NOTE:  Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, Address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM41C4000C, KM41V4000C _ | - CMOS DRAM 
CAPACITANCE (Ts=25°C, Vec=5V or 3.3V, f= ee 





| - Parameter oe 


Input capacitance [D 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vot=2.4/0.4V 
Ley sealed Si Audie Boca oye’: ov. nate saul: BV, von Vol =2. odes 8V 





‘ander mead or write cycle time ——— 
Read-modify-write cycle time tRWC os; f130f ass] favs] fons | 
Access time from RAS trac | | 50} | eo} | 70} | 80 | ns [34,10 
Access time from CAS jtcac | [13] | ts] | 20] | 20 | ns | 345 
Access time from column address ta | | 25] | 30} [35] | 40] ns | 3,10] 
CAS to output in Low-z rez [of [ol jo| [fo] [ml] s| 
Output buffer turn-off dela |torF | 0 | 13/0 | 15/0 | 20| 0 | 20 | ns | 6 | 
Transition time (rise and fall) 50 
RAS precharge time jtrp | 30] |4o} |so| [eo] | ms] | 
RAS pulse width | tras | 50|10K| 60 |10k|70|10K| so} 10K | ns |_| 
RAS hold time fipsH_ | 13;  [is|  /20] | a0) | ns | 
CAS hold time ficsH | 50| Jeo] |70/ [aol | ns |_| 
CAS pulse width pions {sro 15 120 sox ao fon ne | 


RAS to CAS delay time 45 | 20 | 50 | 20| 60 | ns | 
RAS to column address delay time tRAD | 15 | 25 rae 30 | 15 40 
CAS to RAS precharge time tcrp_ | 5| | 5 ‘s{ [s5{ ||] | 


Row address set-up time frase | of {o| [ol Jol [ms] 
Row address hold time PtpaH.| 10| [10] [il |[iol |ons|] | 
Column address set-up time ‘tase | ol fol lol lol: | nnsl | 
Column address hold time Ficad | 10/ [10] [as] ftasl of ons || 
Column address hold time referenced to RA stan | 40] [45] | 55 zi 
Column address to RAS lead time vipa | 25! |a0| [as] [aol | ns |_| 
Read command set-up time ‘mcs |o| [ol fol [ol | ns] 
Read command hold time referenced to CAS PtpcH_ | ol [ol lol lol [ns] a. 
Read command hold time referenced to RAS ‘ippmH_ | ol [ol lol Jol =| rsa] 
Write command hold time Pwo | io] fio} fas] fis) | ns |_| 
Write command hold time referenced to RAS | tWCR lanl las! [ssl [eol {ns | 15 | 
Write command pulse width ; ‘we lio{- [1] lis] [ysl | ns |_| 
Write command to RAS lead time Piawe}13{[is| loo) -loo] | ns | 

Write command to CAS lead time Frown 1 a3! tis] fool fal | ns | 


Note) *1 : 5V only 


SAMSUNG 


ELECTRONICS 


oa 
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KM41C4000C, KM41V4000C a CMOS DRAM 


mente 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 









Datasetuptime ==» sss sts Sf of} fo | fof fo} is fo 
Data holdtime oH fio} fio] ts} ts | ins | 9 | 
Data holdtime referencedtoRAS Ss |tDHR_—|40| [45 | —s[ss| ~—s | eo| | ns | 15 | 
Refresh period(Normal) Ss SYREF | | 6 | | 6 | | 16 | | 16 | ms] 
Refresh period(L-ver) ss YREF | | 128 | | 128] | 128 | | 128 | ms | __ 
Writecommandsetuptime sss (twes [o| jo | {ol  [o}  |nsj7_ 
CAS toWdelaytime Ss SS—stcwo 113 | its | {2020} fms | 7 | 
FAS toWdelaytime =» —Ss—————s(tRWO |s0| |60| {70} _—|eo| _|ns |7 | 
Column address toWdelaytime _—S=[tawD | 25| 30 | —/35|_ | 40] sf ns | 7 __ 
CAS precharge toWdelaytime _—=—s|tcpwo/30| {3s{/ [40] si 4s/ ns | 
CAS set-up time (CAS-before-BAS refresh) |tcsR_[10 | [10] ito] ~—s | 10] sins |__| 
CAS hold time (CAS-before-RAS refresh) |tcHR |10| |10| | 15, 
RAS toCAS prechargetime _-—»= Ss itaPC || 5 | ~=[5| |5| |s5|  |ns|_ | 
CAS precharge time(CBA countertestoycle)|tcpt_|20| |20| _jas| | a0] {ns | | 
|Access time from CAS precharge _—=——|tcpa_| | 30 |_| 35 | | 40 | | 45 [ns|3 | 
FastPagemodecycletime _—S=s———stPc, =i | ao] sas} i 0 prs | | 
Fast Page mode read-modify-write cycle timatpAwc|s3 | leo | _|7o|_ i 7s| si ns |__| 
CAS precharge time (Fast page cycle) _|tCP 10 | lao | ttol of to | ns | 
RAS pulse width (Fast page cycle tRasP_| 50 |200k| 60 |200K|70| 200K | go | 200k | ns |__| 
RAS hold time from CAS precharge truce |}30| [35] |4o. | 45 ns 
Write command set-up time(Test mode in) _|twTs [10 | | 10 10 tof {ns | | 
Write command hold time(Test mode in) _[twrH_ |i0| _|i0| —t10/_ ~~ [10] ns | 
W_to RAS precharge time(C-B-R refresh tWRP__| 10 10 eo 10 | ttf dt ns | 
WtoRASholdtime(C-BR refresh) _—|twRH |10/ |10/ [to] ~— | to] | ns | 
| tpass |100| _[100| tool 100 us 
[taps 130, —ftso| | ns | 44 


cus | -sol [so] sol —t-so| ns | 14 I 





2. 


2) 





CAS hold time : 
Note) *1 :5V only 
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KM41C4000C, KM41V4000C CMOS DRAM 






Lids sane 1c 












ome aa a a a 


peso fenras wo | Pee] Pe | fe | a fo [aa 
AccesstimefromTAS Cd CAC || 18 | 


ame nt te tat ta lee 














AS pulsewidth ss tS | 55| 10K |65| 10K | 75| 10K | 85| 10K | ns | 
CAS pulsewidth | tas | 18 10K |20| 10k |25| 10K | 25| 10K | ns |_| 
FASholdtime sss tH | 18] [ao] fas | fas] ns | 
TASholdtime =i ts [55] fos} zs} fas} ot ns | 


Column addresstoF@Steadtime | tra | 30| a5] ao] fas] | ns | 
frown | 18] jao| jas} tas} | ns | 7 | 


| Hinwp | 55] 
Column address toWdelayiime | awn |90{ _{a5|_ tao] 
FastPagemodecycletime =| po, | 40] as| ts0| iss} | ns | 
Peeekcenida uatnainyaiabanmnel eeu sa) eel gel ies) et 
IAS pulse width (Fast page cycle) __—_—| tRasP| 85 | 200K | 65 | 200K | 75 | 200k | 85 | 200K | ns |_| 
[Access timeformTAS precharge | topa |_| a5 | | 4o | | 45 | | 50 [ns] 3 


Note) *1 : 5V only 
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KM41C4000C, KM41V4000C a CMOS DRAM 





NOTES 


1. An initial pause of 200s i is required after power up followed _ any 8 ROR or CBR cycles before proper 
device operation is achieved. 

2. VIH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between VIH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2twWCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD2tRWD(min) 
and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above conditions is satisfied, the condition of the data 
out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W eading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. : 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
value. These parameters should be specified in test mode cycles by aealng the above value to the 
specified value in this data sheet. 

13. tOFF(max) define the time at which the output achieves the open circuit condition and are not referenced 
to output voltage level. — 

14. 1024cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification.(3.3V L-ver.) | 

15.tAR , tWCR, tDHR are referenced to tRAD(max.). 





am ~—T ~ 
" BLECTRONICS | , 





KM41C4002C CMOS DRAM 





4M x 1 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 4,194,304 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and 
package type (SOJ , ZIP, TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 4Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. It may be used as main memory for main frames, mini computers 
and high performance microprocessor systems. 


FEATURES | 
e Part Identification ¢ Static Column Mode operation 
- KM41C4002C ¢ CS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 
e Fast parallel test mode capability 
° Active Power Dissipation ¢e TTL compatible inputs and outputs 


Unit : mW ¢ Common |/O using Early Write 

: e JEDEC Standard pinout 

¢ Available in Plastic SOJ, ZIP, TSOP(II) packages 
¢ Single +5V+10% power supply 


Active power dissipation 





¢ Refresh cycles 
~ cycle CO 


FUNCTIONAL BLOCK DIAGRAM 


Vcc 
Control Vss 
Clocks VBB Generator . 










RAS 
Cs 



































* Performance range: | : 
| | —— 1 4 Buffer 
| -5 | 50ns | 13ns | 90ns | 30ns | i943 1 YE TTP 
7 ; ; 
Buffer 


[a [aons [20ns | 150ns | 4sns | 


Col. Address Buffer Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM41C4002C_ 


CMOS DRAM 


PIN CONFIGURATION (Top Views) 


° KM41C4002Cu 





° KM41C4002Cz ° KM41C4002CT 









-PinName| PinFunction 
(Dd Datain ss 
(Qs | DataQut isd 
. 
| 














Power(+5.0V 
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KM41C4002C : CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


a ee a 
Power dissipation ——~S~*~idtCSCSC‘“<‘i é SS*dYSCSSSC«SC 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 











RECOMMENDED OPERATING CONDITIONS ne referenced to Vss, Ta= 0 to 70 °C) 


Input high voltage Veo+t.0" 
Input low voltage | 0° FOB 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured atVss 


Supply voltage . 6a. 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 






Parameter 







Input leakage current (Any input O<Vin<Veo+0. 5V 
all other pins not under test=0 volts.) 


Output leakage current lois —y 
(Data out is disabled, OV<Vout<Vcc) 

Output high voltage level(loH=-5mA) —— Rein at i abies vVasvon) __}_TP_}_—> |__| 
Output low voltage level(lo.=4.2mA) Pp ova | = | o4 | Vv | 
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KM41C4002C | | ) CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Icc1 
Icc2 : 
Icc3 * 
Icc4 * 
locs 


_lcce 


*: ©S-before-RAS refresh current (RA 


Don' t care 


Don't care 


Don't care 


Don't care 





*: Operating current (RAS andCS cycling @tRC=min.) 


Standby current (RAS=CS=W=Vu ) 

: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
: Static column Mode current (RAS=Vit, CS, Address cycling @tSC=min.) 
: Standby current (RAS=CS=W=Vcc 


-0.2V) 
RAS a nd CS cycling @tRC=min.) 


*NOTE:  Icct, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once during a Static Column mode cycle time tSC. 
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KM41C4002C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V : f=1 uli 
Parameter 


Input capacitance [D 


Input capacitance [AO - A10] 
Input capacitance [RAS, CS, W] 
Output Capacitance [Q] 





AC CHARACTERISTICS (0°CsTas70°C, Vec=5.0V+10%, See note 1,2) 
Test condition : VeC=>: Ovrtl 07: Vin/Vil=2. 4/0. < hele =2. 4/0. av 












“Parameter 


| ta x] Min] M 
eee Tar a ee ee eee 
a a 
[Access time from AAS ara | | ol -60| [70] | 80 | ns [34,10 
AccesstimefromtS ss“ SS —s—séd tcc | ~—sf 13 | =| ts] =| 20] | 20 | ns 1345 
zee ine ton cour as [wa [fae [Ton [ foe | To | [a0 
Access time from last write  —--ss—s—=s—s| taLw || 50 |_| 55 | __ em 
CS tooutputintow-z ———siftciz | of [o| [ol] [o| |ns| 6 _ 
[Output buffer turn-off delay fromS | tOFF | 0 | 13 | 0 | 15 | 0 | 20] 0 | 20 | ns | 2 
scetonimemenentiy 
a ee 
RAS pulse width = —————S=sdtAS._|_50 | 40K | 60 | 10K | 70 | 10K| 80 | 10K an 
RAS hold time 15{  [20/ [ool [ns| | 
TSholdtime —=ss———s—CSs tH | 0] =o | =o] feo] =| ns | 
Geum ty S| IS OK Aa 21 aos 
37 50 |20| 60 | ns | 4 | 
fsmedwaommgcagace MA te ga 

| {s{ [ss] [s5| | ns | 






















CS to RAS precharge time tCRP 
Row address set-up time tASR 
tRAH 
tASC 
Column address hold time tCAH 


Column addressholdtime 10 
Golume anress wld unereieercesinnas WA A 16S 288) ag.) me 


Column address to RAS lead time tRAL 











Row address hold time 





Column address set-up time 





















Read command set-up time tRCS 


Oa a Oe ee 

coscommeantme smemanei-tme-te{ Tat —te{ tat bet a 
Read command hold time referenced toRAS| taRH | o| | o 
=== EE DP 
Write command hold time réferencedtoRAS| wor | 40] [as|. [ss] [eol| | ns | 13 | 
ete senne yaa ei Eg | ae 

2 HAS pel} ‘col tool | ns | 
ic cmencien [ew ats bl fan) fot — 
ae Ea ee ee os] a_ 
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KM41.C4002C a | | CMOS DRAM 


AC CHARACTERISTICS (0°C<T<70°C, See note 1, 2) 







“Parameter 





Data hold time | 
Cas ie onion fon Ta| [os | Tes] —[oo[ [wb 
Refresh period(1024cycles) ss stREF | | 16 | | t¢ | | 16 | | 16 | ms] | 
Writecommandsetuptime =~» jtwwes | o| [|o|} |o| jo| [ns |7 | 
TStoWdelaytime sss two fia] fas | ts] ts] ns | 7 
RAS toWdelaytime ss Ss (tRwo | 50| |eo| [70] _—{eo| _—i{ns |7 | 
Column address toWdelaytime = [tawo | 25/ [30] a5; [ao] | ns | 7 
TAS precharge toWdelaytime - __—i(icpwo| 30} —|3s{_ —sf4o| sf as| fins | 
TS set-up time CS-before-RAS refresh) _|tcsR |10| |10| [10] |r| {ns | | 
TS hold time (CS-before-RAS refresh) __[tcHR_| 10] |1o| _|io| [10] sf ns | 
HAS toCS prechpatime (mpc _1s| |e! (s| [sl [m= | 
een recharge time cof canara B-R counter test cycle tCPT 2} —_j20} 728} _7 904 __toa |_ 


Static Column mode cycie time SC 




























‘read-modify-write cycle time _|tSRWC| 53 5 Z : 
Accesstimefromlastwrite _——=s——statw | | so | | 55 | | 6 | | [ns | 3,11, 
Output data hold time from columnaddress |taoH | 5 | [5 | [s5s|  |5| 55 [ns |_| 
‘Output data enable timefromwW stow || as | | ao | | as | | [ns | 
Output dataholdtimefromW two |o | fo | fof )~—CUdt lo | ls | 
poem 2 BS EN LE 
FAS pulse width (Static Column cycle) _[tRASC | 50 [100K]! 60 |100K|70| 100K | 80| 10K | ns |_| 
CS pulth width (Static Column cycle). __ifresc_| 13 | 10K 1151 10K |20| 10K | 20] [ns | 
fs] [5] |s/ |s5_ 


Column address hold time referenced to BAS rising| tAH 

















Last write to column address delay time tLWAD 


25 
Last write to column address holdtime __|tantw| so] _[ss| - les| _—|7s|- | ns |__| 
Write command inactive time lw taol tio} | a 
Write command set-up time(Test mode in) _twrs |10| |10| |io| [10] [ns | 
Write command hold time(Test mode in) _|twtH |10| |10| _|1o| _—f1o| [ns |__| 
W to RAS precharge time(C-B-R refresh wwap [101 [iol [il [iol Ins] | 














Nino 
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KM41C4002C CMOS DRAM 


TEST MODE CYCLE 


isis 1 ba 












Parameter 


ee peer gg I 
oT aa CA a a 
poomineronns woe LY or me] fo fe faa 
AccesstimefromTS_ CC CAC || 18 | | | 25 | ns | 3.45 
, Access time from column address terre ier 
RAS pulsewidth sss stRAS | 55| 10K | 65) 10K |75| 10K [85/ 10K | ns |_| 
TS pulsewidth | ts | 18 | 10K | 20] 10K [25] 10K |25| 10K | ns | 
RASholdtime Ss Cid tH 1 18| ~~ [20| ~—fas| ~—fas| i ns | CC 
|eSholdtme = —~—~—és tc | 55] los) 7s] ts} dt ns | 
Column addresstoRASleadtime =| RAL | 90| ~— [35] [ao] 4s] | ns | 
TStoWdelaytime = —s—s——S——s tcwo | 18] ~—s [20 ~—Sssfa0| ~—s tao] ~~ ns | 7 
RAS toWdelaytime  —s—————CiT tw S5| feos} ~— i 7s| —fgs| | ns | 7 | 
Counc secessioideavine AD SSL) ABs 
StaticColumnmodecycletime ssf tsc_—[35} ~~ | 4o|_ —Sstas| ~~ ts0| st ns | 
Sue coum nde manos gaa | she] 52] [70 [eo] [20] | ne | 
FIRS nue wit (Siac Gotu eee) _ RASC 86 100K 65 1004 75-1001 8 1008 ne |__ 

75 | | 95 | ns | aay 


ar time form last write tALW 


efaesimesscmegcn [ws ltdlo dlne 
















a ' 
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KM41C4002C CMOS DRAM 





NOTES 


1. 


10. 


11. 


12. 
13. 





am” 


An initial pause of 200us is required after power up followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 


. VIK(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). | | 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. | 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CS leading edge in early write cycles and to the W leading aded 


in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. i tRAD is greater than the specified en limit, then access time is controlled 
by tAA. 

Operation within the t.WAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If tLWAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

These specifications are applied in the test mode. 

tAR , tWCR , tDHR are referenced to tRAD(max). 
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~ KM44C1000C, KM44V1000C | CMOS DRAM 


1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode - 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access 
time(-5, -6, -7 or -8), power consumption (Normal or Low power) , and package type (SOJ , DIP, ZIP or 
TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only 
refresh and Hidden refresh capabilities. Further more, self-refresh operation is available in 3.3V Low power 
version. » | 

This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory for 
main frames and mini computers, personal computer and high performance microprocessor systems. 





FEATURES | | e Fast Page Mode operation 

¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44C1000C/CL(5V) ¢ RAS-only and Hidden refresh capability 
- KM44V1000C/CL(3.3V) ¢ Self-refresh capability (3.3V,L-ver only) 


_ © Fast parallel test mode capability 
¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
e Early Write or output enable controlled write 
¢ JEDEC Standard pinout > ee 
e Available in Plastic SOJ, ZIP, DIP, TSOP(II) packages 
¢ Single +5V+10% power supply(5V product) 
e Single +3.3V+0.3V power supply(3.3V product) 


¢ Active Power Dissipation Unit: mW 





FUNCTIONAL BLOCK DIAGRAM 


f 
ycle RAS 


C1000) sv | 
1K 
V10000) 3.3V, 


* Performance range: 
Speed] tRAC|tCAC]| tRC | tPC | Remark 
[| Sons | 13ns | 90ns| 3éne | SV Only 
[6 | 60ns | tne | 770ns] 40ns | SV/S.3V_ 
[7 | Tons | 20ns [130ns| 46ne | SVB.V" 
[~-8 | 80ns [20ns |160ns| ‘ons [5VS.3V 








Refresh Timer 
eee: 
Refresh Control 







Memory Array 
1,048,576x 4 
Cells 






Data out 
Buffer 









OE. 





SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1000C, KM44V1000C _~=Cw. 7 GMOS DRAM 
PIN CONFIGURATION (Top Views) 


¢ KM44C/V1000CP ¢ KM44C/V1000CJ | ¢ KM44C/V1000CZ 






















AO ; AQ z Address Inputs 
DQO -3 Data In/Out 

Row Address Strobe 
Vcc 






Column Address Strobe 
|W «| Read/Write Input | 
| OE —_—i|_ Data Outputs Enable 


Power(+3.3V 


Power(+5.0V) | 


- Sone aptentates 
aise ELECTRONICS . _ cas, 





KM44C1000C, KM44vV1000C CMOS _ DRAM 





ABSOLUTE MAXIMUM RATINGS | 















Parameter Symbol : : 





Voltage on Vcc supply relative to Vss 
Short circuit output current [ts | 50 | 50. | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Voltage on any pin relative to Vss 










50 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 



















2 eS Min | Typ | Max | Min | Typ | Max — 
|Supplyvoltage | Ver | 30 | 33 | 36 | 45 | 50 | 55 | Vv 
ae eo Re a ee 
[Input high voltage | Vn | 20 | - | Vocto.3| 24 | - | Voor." v 
[Inputlowvoltage | Vi | -037/ = | o8 | 107] - | 08 | v | 
*4.: Voc+1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc 

*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 






DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
Input leakage current (Any input , lu) 6 5 WA 
O<VinsVcc+0.3V, all other pins not under test=0 volts.) 

Output leakage current , 
3.3V (Data out is disabled, OV<Vout<Vcc) 


Output high voltage level(loH=-2mA) = ) Vow | 24 | - | ov 
Output low voltage level(lo.=2mA). ) Vo | - | 04 | vi 
Ww 


Input leakage current (Any. input O<Vin<Vcc+0.5V _ : 5 5 uA 
all other pins not under test=0 volts.) = : . . | 



















5V 





(Data out is disabled, OV<VoutsVcc) 
j I 


Output high voltage level(loH=-5mA) | Vow {| 24 | + | 
Output low voitage level(lo.=4.2mA) | Vor 


Sims: ELECTRONICS ; _ 











KM44C1000C, KM44V1000C | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


lect Don't care ) 
Icc2 Don't care Don't care — 
ins 


a 


Normal Don't care 
Iocs L 


Iccé Don't care 
-8 


Icc1 *: Operating current (RAS and CAS cycling @tRC=min.) 
lcc2 : Standby current (RAS=CAS=W=Vmu ) 
Icca *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 
Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 
Icce *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=0.2V 
DQo-3 = Don't care, Tac= 125ys(L-ver) , TRas=Trasmin~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vi_, W=OE=A0 ~ AQ= Vcc-0.2V or 0.2V, 
DQO ~ DQ3= Vcc-0.2V, 0.2V or OPEN © 





Don't care 


*NOTE : Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs3 
and Icce, address can be changed maximum once while RAS=VI. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C1000C, KM44V1000C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5V or 3.3V, f=1MHz) 


Parameter. _ 


Input capacitance [RAS, CAS, W, OE] 
_ Output capacitance [DQO - DQ3] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vih/Vii=2.4/0.8V, Voh/Vol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 


Parameter c he 


Random read or write cycle time frac | ool fio} [ra0l[ysof_{ ne | 
Read-modify-write cycle time | trwe [133] [155] f185| —fa0s] fons | 
Access time from RAS | ‘trac | | 50] | 60| | 70| | a0 | ns |3,4,10 
Access time from CAS icac | [13] | 15] | 20] | 20 | ns [345 
Access time from column address ftaa | | 25] | 30] | 35] | 40 | ns | 3,10) 
CAS to output in Low-Z pruz | o| fof jolt |o{ | ms| 3) 
Output buffer turn-off dela -iorF | 0 | 13] 01 15]0]20/ 0] 20] ns | 6 | 
Transition time (rise and fall) rar | 3] 5013 | 50] 3] 50] 3] 50 | ns | 2 | 
RAS precharge time tap | 30| [40] [50] [ool || 
RAS pulse width | tras | 50 | 10k| 60 | 10k|70|10K| so| 10K | ns | | 
RAS hold time | ftasH | 13] }1s| a0] aol end 
CRS hold time jresH | 50| [eo] |7o| |eo| [ns| | 
CAS pulse width cas | 13 | 10k| 15 | 10k| 20 | 10K | 20| 10K | ns | 
RAS to CAS delay time | tpcp | 20| 37 | 20 | 45 | 20 | 50 | 20| 60 
RAS to column address delay time /tpap | 15] 25 115 | 30115 | 35 | 45] 40 | 
CAS to RAS precharge time rterp| 5; [5] [5s] [5s] | 
Row address set-up time fash | o| fof fo|{ [oo] | 
Row. address holdtime __ repay | to; liol [iol [aol _| 


Column address set-up time ‘sc | of; fol fo{ [ol _ 
fone 





Column address hold time rca | 10; /1o} fis] [as] 
Column address hold time referenced to RAS sea 180888 ao 


Column address to RAS lead time 


BAL (35 || 40 
Read command set-up time | rere fetta te 


Read command hold time referenced to CAS 
eae Pa aS ae 
tol {ao} fas]. | 4s 
45 |__| 


Read command hold time referenced to RAS 


— 
(oo) 


Write command hold time 


Write command hold time referenced to RAS 
Write command pulse width 


- | Write command to RAS lead tim Pru aac 
Write command to CAS lead time From 113] fis] [aol fool [ns] 


Note) *1 : 5V only 


SAMSUNG 
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-KM44C1000C, KM44V1000C __ | __CMOS DRAM 


AC CHARACTERISTICS (0°CsTas70°C, See note 2) 


oe x [in| mex [wil Mex | win 
ga 
Dataholdtime = SH ft] fo | sts] tts | 
DataholdtimereferencedtoRAS | tDHR_ | 40| [45] [55 

Refresh period(Normal) REF | | te | 

Refresh period(Lver) ss SS REF | | t28| | 12 

Wate conmandsstupine wes to] [o{ ol [el [w= [7 
TAS toW delaytime Ss two a6 | tao | [so] tof ins | 7 
FAStoWdelaytime wo [7a [es rool [vol [ms [7 
aan WER kl ee ee et ae 
CAS precharge toWdelaytime _—=—sjtCPwo|s3| —{6o0| _—|7o|_ _—st{1o| ~—s {ns |__| 
-|CAS set-up time (CAS-before-FAS refresh) |tcsR_|10 | _|10| ——j10| | 45 

ERS hold time (CAS-before-RAS refresh) [1CHR | 10 | | 10 |_| 5 

(RPC s+} s 

CxS ptr ne conte [20 | 

Access time from CAS precharge tCPA 

Fast Page mode cycle time 40 45 105 


See eat eet eet 


TAS precharge time (Fast page cycie) _\tcP__|10 |__| 10 || ns : 
ERS ach unc) [aso [noun 00 [ao 
RAS hold time from CAS precharge ‘tpHcp/30 | |35| {aol | | ns | 
eae ee es ee er ee | 
OEtodatadlay —=ss————sdtceD [13] iis| ao} =~ fo | rs | 
[Out put buffer turn off delay time from OE |10EZ_| 0 | 13 |o | 45 |o | 20 |20| 20 [ns | | 
OE command hold time tOEH | 13 Litas | fool 10 hee ns 

Write command set-up time(Test mode in) _lwrs |1o| _|10| lio] _—/1o| ~~ [ns |__| 
wie comrendnaiere(Testmedein) wt Lio sof f0. Laas 


fie RAS shame ne-8- te)—lme_[s0 | tol | 0 | 


ec! 

so FAS hod eft. steamy” [owes 119.) [10 | lao] aon) [me Lad 
EASamaceinet satin ines eo hal hao) [sal [ms [os | 
ate sol__tsol sol |} ta Tua 





a J 
Note) *1:5V ares 
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KM44C1000C, KM44V1000C | CMOS DRAM 


TEST MODE CYCLE 


_ (Note. 11) 







"Parameter : 


i iin] ox iin ax Min] Max [in] Max 
Pc dw gontin [woe | ae os 
Read-modty-it oyetime | nwo [198] _|160] __|190] [210] | ne | 
pecemetenras awe | ae] Poe | eT a fo faa 
Access timefromTAS (a C*dECCA | S| 18 || | 20 | | 25 || 5 | ns | 3,45) 
peoesinctonconacies twa {Tot Te | Tet [a be loo 
RAS pulsewidth = “sSSSSC*SstRAS | 55| 10K [65] 40K | 75| 10K | 85| 10K | 
cpm es el eel es es od 


RAS hold time tRSH 


ee ooo Clase ee 1 es Pe a 
Coun across to HAS adie _{ ia 90{_-se}_tao} fas) __- ns | __ 


a5] [65 
= age Ea a OS 
Column address toWdelaytime | tawo [63] teo| —s{7o| st 7s] | ns 


Fast Page mode cycle time tpo [40] [as 


PF aa 
Fast page mode read-modify-wrte cycle time| tpAWC| 81| _—|90| _—|tos|_—|tto) | ns | 
RAS pulse width (Fast page cycle) __—_—_| tRASP| 55 | 200K| 65| 200K | 75 | 200K | 85 | 200K | ns | 
Access time form CAS precharge tCPA = 35 __ 40 | ft 45] | s0_ [ae 
DE accesstime = S§s— S—C* tA | | 20 | | 20 | | as | | 25 | ns] | 
DEtosaladeay hoe [ve] Tao] [as | test dt ns | 
OE sammandnoisime, __..._ ogre] __o|__Izs|_tzs]__l os | __ 


Note) *1 : 5V only 
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KM44C1000C, KM44V1000C — | CMOS DRAM 


NOTES 


1. 


10. 


11 
12 


13. 


14, 


15. 


An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before a prope! 
device operation is achieved. 


. VIH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between VIH(min) and Vit(max) and are assumed to be 5ns for all inputs. 
Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 


. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. ! : 


. Assumes that tRCD2= tRCD(max). 
. This parameter defines the time at which the output achieves: the open circuit condition and is not 


referenced to VOH or VOL. 


.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
out pin will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD>tRWD(min) 
and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above conditions is satisfied, the condition of the data out 
is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the Ww leading edge 


in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. e 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
value. These parameters should be specified in test mode cycles by adding the above value to the 


specified value in this data sheet. | 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and are 
not referenced to output voltage level. | 
1024cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification.(3.3V L-ver.) 

tAR, tWCR , tOHR are referenced to tRAD(max). 
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KM44C1002C CMOS DRAM 





1M x 4 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and 
package type (SOJ , DIP, ZIPor TSOP-Il) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 1Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. lt may be used as main memory for main frames and mini 
computers and high performance microprocessor systems. 





FEATURES 
¢ Part Identification ¢ Static Column Mode operation 
- KM44C1002C ¢ CS-before-RAS refresh capability 


e RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or Output enable controlled write 

e JEDEC Standard pinout 

e Available in Plastic SOJ, ZIP, DIP, TSOP(II) packages 
¢ Single +5V+10% power supply 


e Active Power Dissipation 
Unit : mW 






FUNCTIONAL BLOCK DIAGRAM 










: ;30ns 





Memory Array 
1,048,576x 4 
Cells 


’ Sense Amps & IO j 
wi 





Column Decoder 





SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1002C CMOS DRAM 
PIN CONFIGURATION (Top Views) 
¢ KM44C1002CP © KM44C1002CU ° KM44C1002CZ 
OE 
DQ2 





¢ KM44C1002CT 


















Pin Name| Pin Function — 


| AO - ae Address intie:. 
Read/Write input 
Row Address Strobe 


CS Chip Select Input 


DQD/DQ3 Data In/Out 
Data Outputs Enable 


_Vec Power(+5.0V 
Vss Ground 


i 





Vss 
DQt 
RAS 





¢ KM44C1002CTR 








PEimsung 
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ABSOLUTE MAXIMUM RATINGS 














[Votage on ary pin late toVes | VwNor | 1 +70 |v 
TPowerdssipaion ——~S~wtC‘“‘ CYC 
[Shor circuit outputcurent ——~| ibe <YSSSSCOSSC~*dSm 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


- Parameter. ol 





Voltage on any pin relative to Vss 
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RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Parameter | Symbol oe OM op ex 


Supply voltage | 


 V 
v 
V 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured atVss 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 











Input leakage current (Any input O<VinsVcc+0.5V lw) —- LA 

all other pins not under test=0 volts.) 

Output leakage current ian WA 
(Data out is disabled, OV<Vout<Vcc) | | 
Output high voltage level(loH=-5mA) | | Vow =| 24 |e | 
Output low voltage level(lo.=4.2mA) | vo | | | 















ELECTRONICS 


KM44C1002C | ee . CMOS DRAM. 


DC AND OPERATING CHARACTERISTICS 
(Recommended Operating conditions unless otherwise noted.) 


Don't care 
Don't care 


Don't care 


ee ee 


Don't care 





Icc1 *: Operating current (RAS andCS cycling @tRC=min.) 

Icce : Standby current (RAS=CS=W=Vu ) 

Iccs *: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Static Column Mode current (RAS=Vit, CS, Address cycling @tSC=min.) 
Iccs : Standby current (RAS=CS=W=Vcc-0.2V) 

|cce *: CS-before-RAS refresh current (RAS and CS cycling @tRC= on 


* NOTE: Icc1, Iccs, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Iccs 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one Static Column mode cycle time tSC. 
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KM44C1002C | CMOS DRAM 
CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter | Symbol _ 


Input capacitance [RAS, CS, W, OE] 
Output Capacitance [DQ0 - DQ3] 






AC CHARACTERISTICS (O°C<TA<70°C, Vcec=5.0V+10%, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Von/Voi=2.4/0.4V 


Random read or write cycletime | wc go{ |t10| [130] | 150: 
Read-modify-write cycletime __——iiwmwe fig3| [tss| [185[ [205 
AccesstimefromRAS st tRAC | | 80 | | eo | | 70 | 
Le 
= 
ae 
EO 





Parameter 








Access timeftomeS st tcac | fa | | ts || 20 | 
[Access time fromcolumn address | wwA_| | 25 | | 30 | | 95 
CStooupuintowzZ SSCs GO| fo | fo 
Output buffer turn-off delayfromCS | torr _| 0 | 13 | o | 15 | 0 | 20° 
Transition time (rise and fall) tT 3 /50| 3 | 50/3 | 50] 3 | 
RAS prechargetime = RP | 30] ao | | 0] | 60 | 
FAS pulsewidth tra 50 | 10K | 60 | 10x 70 | 10K] go | 
RAS hold time tRSH | 13 15 | | 20° 
TShoidtime Ss tes | cot eo | trol | 
C5 pulse width tcs_| 13 | 10K] 15 | 10K | 20 | 10K | 


RAS toCSdelaytime Ss tc | 20 37 | 20 | 45 | 20| 50 | 20 
Ret cin aii ee) OL aE BE 


CS to RAS precharge time 
Row address set-up time 


© 


_ _ 
eS oO - 


wo a 
Oo BS | 


tAS 
Row address hold time tRA 
Column address set-up time 
tCAH 
tAR 
tRAL 
a 
S$ tRCH 
Read command hold time referenced to RA 


Column address hoid time 


= 6 

Ozma 
eb eI LB Ble lof 8 isle Ble lo | 
A Oo lo Oo [oO oO 


© 
—_ 
on 
— 
on 


Column address hold time referenced to RAS 
Column address to RAS lead time 


D 
2) 
oi 


time 


JD 
© 
@ 
QO. 
° 
©) 
= 
3 
© 
= 
roa 
a) 
© 
~~ 


Cc 
e 


60 | 
2| |s0| |35| | aol | 
ae ra ae 0 


O 


Read command hold time referenced to 


4 


Write command hold time 
Write command hold time referenced to RA 


BEBERES 
r Dy ix [+ 


Write command pulse width 1 


Write command to RAS lead time 





a 
o1 





i 
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KM44C1002C_ | : CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1, 2) 







“Parameter x |Min| Max |Min| “| min] 
ee ee eee 
Data hold ime referencedtoRAS ss tOHR | 4o| fas] iss) eo | | ns | 13 | 
Refresh period(1024cycles) rer | )=6[ i6 |) 6f v6 | hf te | hf te | ms | 
wes|o| fo} fol jo corm 
TStoWdelaytime stow | 36 | tao | iso} i so | | ns | 
AS toW delay inal nwo | 70 | los | fool [vol [ne 
Column address toWdelaytime _—|tawo | 48] iss| fes| | 70 | 
CS set-up time (CS-before-RAS refresh) rese fro fw] fol to 
cs hold time (CS-before-RAS refresh) 4cHR | 10{/ [10] . [tol [40] | ns fod 
FAS wCSpenogeime woos Ts {[s{ [Ts {fm | 
TS precharge time(C-B-R counter test cycle)|tcPT | 20]  |20| fas} tao] tins | 


“copsatipncacnceerog Fas a aE 
Static Column mode read-modify-write cycle time pw ee ee a 
ee nf ae a 
Output data hold time from column seaiene POH eee kel ek: ete, ine i 2 
Output data enable time from W row | | a5] | ao | | 45 | | 55 [ns | 
CS precharge time (Static Column cycle = 10 o_o} __t 30} fins 
RAS pulse width (Static Column cycle tRASC | 50 400K | 60 |100K|70! 100K | 80| 100K | ns |_| 
CS pulth width (Static Column cycle 10K 20 | tok | ns |_| 
Coun adressroistime eterencedto RAS risngltaH | 5 | [5 | is]  |s| [ns | 
Last write to column address delaytime _|tLWaD| 20 | 25 |20| 25 |25| 35 | 25| 40 [ns [41 | 
Last write to column address hold time tAHLW | |vol feof {ns |_| 
Write command inactive time alt 10 tao |__fuo__s0}_—_{ os 1 
OE accesstime  _-—Ss ss ste | 13 | Las | | 20 | | a ins | 
DEtodatadelay ste | ta) ts | [ao] fo] ns | 
(Out put buffer turn off delay time fromOE__|toez_ | 0 | 13 |o | 15 |o| 20 | 0 | 20 | ns | 


OEcommandholdtime toe | 13] tas | das} ts | | ns 


= 
rea 
Write command set-up time(Test mode in) |twrs | to] _|1o} |iol io} ins | 
= 












































Write command hold time(Test mode in tWTH | 10 10 10 
W to RAS precharae time(C-B-R refresh tWRP 


tol |io| frol ao | tins _| 
wwailio| lio] tl Jiol jos | 













W to RAS hold time(C-B-R refresh 4 
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KM44C1002C e CMOS DRAM 


TEST MODE CYCLE 


(Note. 12) 








Parameter | 


Random readorwiteietine [moos] furs{__ frases ne [ 
eaa-moaty-wite oie ine | eae [el —[reol roo [oral | ns | 
fecessinetrom aS CA || | CP es] |e] | we pw oa 
AccesstimefromtS ss “sas tcAC | | 18 | | 20 | | 8 | | 8 | ns | 3.45 
Access time from columnaddress =| tAA | | 30 | =| 35 | | 40 | | 45 | ns | 3.10 
75| 10K |85| 10K | ns | 
CS pulse width 10K |25| 10K | 25] 10K | ns |_| 
IRASholdtime == C—C*éi RSH ~(| 18 ~~ | ts | St ns | 
CSholdtime  -—=§F —S—C—~—~—~s tH | S| is| ~—s 7s) ~—sfs| i ns | 


Column address toRASteadtime _—| tran | 30| fas] tao} a5] | ns | 
eStoWdelaytime Stow fat| das} ss] ss] ns | 7 | 


RAS to W delay time -ipwo|7a| ool ros) tts} ns | 


| 7 | 
Column address toWdelaytime =| tawo | 53, feo| ~~ t7o| ts) ns | 7 
Static Coun mode cwietine _{isc_[a5{ {ao} {as {sol foe | 
Sete can nate isinetrwte ceo ee _| eee #6 | jon! ioe! vol __| oa | 
FES sls with (Sac Cohen cyt) __ARASCY 65 OOK 65 T00K +75 11004 5 00K ns |_ 
Access time form a write tALW 55 es Po eee BO Loree 
aR TR LS Ie SE 
(OE todatadelay = tED | 18] to) tas | ts] ns | 
DE commendhodine ___| wen [6|__[zof Jas] [asi Lea | 






















ap 
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NOTES 


1. 


G 


10. 


a; 


12. 
13. 


An initial pause of 2001s is required after power up followed by any 8 CBR or ROR cycles before proper 
device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between VIH(min) and ViL(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 


controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 

. This parameter defines the time at which ‘the output achieves the open circuit condition and is not 
_referenced to VOH or VOL. 

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 


~and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 


data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CS leading edge in early write es and to the W leading edge 


in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

Operation within the t.WAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a 
reference point only. If tL.WAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

These specifications are applied in the test mode. 

tAR , tWCR , tDHR are referenced to tRAD(max). 
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1M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode Quad CAS CMOS DRAMs. Fast Page Mode offers 
high speed random access of. memory cells within the same row. Access time(-5, -6, -7 or -8), power 
consumption (Normal, Low power) , and package type (SOJ or TSOP-II) are optional features of this family. 


All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

All inputs and outputs are fully TTL compatible and four seperate CAS pins provide for seperate I/O 
operation allowing this device to operate in parity mode. 

This 1Mx4 Fast.Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 


FEATURES ¢ Fast Page Mode operation 
e Part Identification e Four seperate CAS pins provide for seperate I/O 
= KM44C1003C/CL(5V) ; operation a 


¢ CAS-before-RAS refresh capability 
¢ RAS-only and Hidden refresh capability 
© Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
e Early Write or output enable controlled write 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ, TSOP(I!) packages 
e Single +5V+10% power supply 


e Active Power Dissipation 


Unit : mW 





* Refresh cycles | | FUNCTIONAL BLOCK DIAGRAM 











C1003C 1K 16ms W Clocks 


Refresh Timer 
ee, 
Refresh Control 


Refresh Counter 


Le (ROow Address Buffer 


E 


Vcc 


Vss 
VBB Generator 









Data in 
Buffer | 









e Performance range: 














DQO 
to 
DQ3 


Memory Array 
1,048,576 x 4 _ 
Celis 






r-5 | 50ns | ans | 90ns | s5ns | 
[6 [60ns | 1sns_| tions | 40ns 
[8 | 80ns | 20ns | 150ns | Sons 









i Sense Amps & iO j 
wa 


Data out 
Buffer 


OE 





Col. Address Buffer 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1003C ~ -. GMOS DRAM 





PIN CONFIGURATION (Top Views) 


- e KM44C1003CU ¢ KM44C1003CT © KM44C1003CTR 
Daoms 1° 24D Vss © 
DQia742 — 23-0 DQ3 
Woo3. 22 F-D DQ2 
RAS 0 210 CAS3 






CASO  gQoEDO0E 
CAS104 190 CAS2 
Aga 18-E N.C 
AOU. 17-4 A8 
Ai 16-0 A7 
A2U—410 15; AG 
ASU—i1 1 14-4 A5 





—PinName | ___Pin Function - 


AO - AQ Addiese Inputs 
DQ0O -3 Data In/Out 


Ground 


Row Address Strobe 


CW | —_—~ReaaWrte input 
| ec | Power(+5.0V) 
| NC | NoConnection 
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KM44C1003C | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 







| Symbot__ | __Rating | Units 
Voltage on any pin relative to Vss 







Storage temperature -55 to +150 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 7 | 








RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


| Symbol | min =| Typ | Max | Unit 
Supplyvoltage | Vee SF | Ss S| co | | 
"Ground eo Ne OW! 
input high voltage [Vm | | Teco | 
inputlowvotage | Vu SCs] SO | | 


*1 : Vcec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured at Vss 








Parameter 








DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) | 
[Pastor | Symon [in| tex [nna] 
Input leakage current (Any input O<Vin<Vcc+0.5V ln) 26 5 LA | 
-all other pins not under test=0 volts.) 
Output leakage current | 


Output high voltage level(lon=-5mA) | VOH See we Ss 
Output low voltage level(lo.=4.2mA) Povo | - | o4 | v | 









79 © 





es” 
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KM44C1003C | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Don't care 
Normal , mA 
Se 


lccs . Don't care 


oe _ 


ee ‘ aR 


Don'tcare 


Icc1 *: Operating current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby current (RAS=CAS=W=Vin ) 

Iccs *: RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.) 

Icc4 *: Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) 

iccs *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=0.2V 
DQO~3 = Don't care, Trac= 125ys(L-ver), TRas=TRasmin~300 ns — 





* NOTE: Icci, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
| are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Viz. In Icc4, address can be 

changed maximum once within one fast page mode cycle time tPC. 
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KM44C1003C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter. 


Input capacitance [RAS, CASO-CAS3, W, OE] 
Output capacitance [DQO - DQ3] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition : Vcc=5.0V+10%, Vih/Vii=2.4/0.8V, Voh/Vo!l=2.4/0.4V 






"Parameter 


Random read or write cycle ti time 


Read-modify-write cycle time ee a 
Access time from RAS ae is a, ee 
Access time from CAS jtcac | [13{ | 15{ | 20] | 20 | ns [34,18 
Access time from column address pwa | | 25{ | 30{ | 35] | 40 | ns | 3,10| 
CAS to output in Lowz rez [of [ol fof [ol | -s [ate 
Output buffer turn-off delay torr | o | 13| 0 | 15] 0 | 20| 0 | 20 | ns | 618) 
Transition time (rise and fall) ‘ir | 3[50]/3 | 50}3 | 50/3] 50 | ns] 2 
FAS precharge time ptrP [30] j4o{  |s0| |eoj | ms| | 
RAS pulse width | tras | 50 | 10K| 60 | 10K 170 |10K| ao} 10K | ns |_| 
RAS hold time 84 ta} kde ae a 
CAS hold time ficsH_ | 50|  |60| [70 | fens | 17 | 
CAS pulse width | tcas | 13 | 10K] 15 | 10k| 20 | 10K| 20 | 10K | ns | 23 
RAS to CAS delay time | trcD_| 20 | 37 | 20 | 45 |20 | 50 | 20} 60 | ns | 4,16) 
RAS to column address delay time tRA 


CAS to RAS precharae time tCR 


cee 
Row address set-up time tAS ea 
| 10° 
0 





















Row address hold time tRA 
Column address set-up time tAS 
Column address hold time tCA 
Column address hold time referenced to RAS| tAR 
Column address to RAS lead time tRA 
Read command set-up time eee ee 
Read command hold time referenced to CAS PipcH_ | of [ol fo} iol | ns | 817] 
Read command hold time referenced to RAS rtarpmH_ | of fol tol lol |ns | 
Write command hold time FewcH | 10! {101 lis] fiasl | ns | 24 
Write command hold time referenced to RAS ‘wor | 4o|[4as| ss} [eo] _|_ns_ 
Write command pulse width ‘we | tol [rol lis] Jas] | ns{ | 
fipwe tis| tis} lool lool | ns |_| 
ite command to CAS eee ee lee ee. ae cad 


ELECTRONICS 


ob | — — 
oO jon JO © ao 
ise) oi _ —_k 
Oo jo [Ol oi 

on 
= — — 
© ai = on 
ye) —_— | oa —s jas 
o Oo | o N [oO 









NO 






Nrite command to RAS lead time 






pad ime 





‘A 










KM44C1003C : CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 


. es 
Datasetuptime sss Sstos, ST of] fo |) jo | fo] [ns [ao 
Dataholdtime sss CSM | sf to] sas | is | [ns ft 
[Data holdtime referencedtoRAS _—=|tOHR | 40 | | 45| [55 | feo | | ns [26 | 
Refresh period(Normal) _-—Ss—s“ StREF | | 16 | | 16 | | 16 | | 16 | ms| | 
Refresh period(i-ver) Ss» CS tREF | =| 128 | | 128 | | 128 |_| 128 | ms| 
Writecommandsetuptime sss (twos |o | =|o/ jo} |[o| [ns |7,16 
EAS toWdelaytime _____—_ircwo [a6 | ao | |so| {so} | ns [7.16 
RAS toWdelaytime —————itwnwo |73| as} lool _|rtol [ns [7 | 
[Column address toWdelaytime _—=s[tawo |4a| [as] jes | | 7o| si ns [7 
CAS precharge toWdelaytime _—=——|tcpwo|53| —feo| _|7o| |75| | ns | 
CAS set-up time (CAS-before-BAS refresh) |tcsR_|10 | _|10| fro | tio | ns [16 | 
CAS hold time (CAS-before-HAS refresh) |tcHR |10| |10] |15| | 15| | ns_[17_ 
RAS toCAS prechargetime _—Ss—stapc | 5 | [5 | [5] Is] [ns] 
CAS precharge time(CBH countertest cycle tcPT_|20| | 
Access time from CAS precharge cpa | | 30 | | 
Fast Page mode cycle time tPC 40. 
[Fast Page mode read-modity-write cycle timgtPRWG|76| [a5 | 

ee time (Fast page cycle tCP legis ag ie 40 | 
BAS pulse width (Fast page cycle) _|tRasP | 50 |200K| 60 |200K|70 | 200K | 80 | 200K | ns_ 
RAS holdtime rom CAS precharge _[ipop|s0| _[as| [ao] [as] [ns | _ 
eae ee ae ee ee ee ae er 
OEtodatadeay ss toe [3] [is] —if2o| ~—j2o| sd ns _ for _ 
TAS precharge toWdelaytime _—=—itcpwols3|_|eo| || _|7s|_ [ns |_| 
Out put buffer turn off delay time from OE HOEZ 13 fo | 45. 20 ins | 
[OE commandholdtime =O _|13| iis] tao | ~—s tao] | ns | 
[Write command set-up time(Test mode in) _ltwrs lio} 10] fio} _—|io| 
eee ret ete 
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KM44C1003C CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 









Parapeter : 7 Syl ase 
Fairer ——[86_foe [sll ce ee 
Fessnosiaie cine [ewe |e! fe ol Jeol Fm | 
cosstineromRas———SCSCSC* maT «| | CLs | | | | Os | ve [aaron 
AccesstimefromCAS | tC || 18 | | 20 || 25 || 25 | ns [3.4512 
ecsstine fom umn aduess Twa [o>] [os | [ao [as | me oso 
FAS puse with ___| ras. [961 10K {es| ok 175 10x } 064 10K | ns 1 __ 
CAS pulse width tCAS 10K | 20] 10K 10K | 25} 10K 
(RSH j25{ | 25 


or Rnamameeed £°°°% (aes (Sa Sl a ee 
Column address toRAS leadtime | tRat_| 30/95] [ao] fas] | ns 
TAStoWdelaytime | town at] fas} ss] ss] | ns | 
RAS to W delay time tpwo zal {eol ios] ins 

Column address toWdelaytime | tawo [53| feof t7o| 5 | 
FastPage mode cycletime | wp, [40] fas) itso] iss | 


Fast page mode read-mocity-write cycle time) AWO 81| [eo] {105 _{r10|__ 
FAS pulse width (Fast page cycle) __| tRASP| 85 | 200K | 65 200k | 7 | 200k | 85 | 200k | 
|| 40 | | as | | 50 | 

i 

as 
























Access time form CAS precharge | tCPA 35 
OE access time tOEA / 20 | | 20 | 25 
OE to data dela /1oED | 18] _|20| 


as] | 2s | 
jiocH | ta} |aol jas} | as 







OF command hold time 








<> 
ELECTRONICS : : 


KM44C1003C a CMOS DRAM 





NOTES 


1. 


10. 


11. 
12. 


13. 


14. 
15. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


An initial pause of 200s is required after power up followed by any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 


measured between VIH(min) and ViL(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2= tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to VOH or VOL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high impedance for the duration of the cycle. If tC WD2 tCWD(min), tRWD2tRWD(min) - 
and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. 
Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 
These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
value. These parameters should be specified in test mode GyCies by adding the above value to the 
specified value in this data sheet. 
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and 
are not referenced to output voltage level. 
In order to hold the address latched by the first CASx going low, the parameter tCLCH must be met. 
If at least one CAS is low at the falling edge of RAS, DQ will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, all four CAS must be pulsed high for tCP. 
The first CASx edge to transition low. 
The last CASx edge to transition low. 
Output parameter is referenced to corresponding CASx input. 
Last rising CASx edge to next cycle's last rising CASx edge. 
Last rising CASx edge to first falling CASx edge. 
First DQx controlled by the first CASx to go low. 
Last DQx controlled by the first CASx to go low. 
Each CASx must meet minimum pulse width. 
Last CASx to go low. 
The fast falling CASx edge to the first rising TASx edge 
tAR,tWCR,tDHR are referenced to tRAD(max). 
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KM44C1004C, KM44V1004C CMOS DRAM 





1M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory ceils within the same row. Power supply voltage(+5.0V or +3.3V), access 
time (-5, -6, -7 or -8), power consumption ( Normal or Low power ) and package type(SOJ or TSOP-lI) are 
optional features of this family. : 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
This 1Mx4 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for microcomputer, personal computer and portable machines. 





FEATURES ¢ Extended Data Out operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44C1004C/CL (SV) ¢ RAS-only and Hidden refresh capability 


- KM44V1004C/CL (3.3V) 


¢ Self-refresh capability (3.3V,L-ver only) 
¢e TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

_ ¢ Early Write or output enable controlled write 
e JEDEC standard pinout 
e Available in plastic SOJ ,DIP ,ZIP and TSOP(Il) packages 
e Single +5V+10% power supply (5V product) . 
e Single +3.3V+0.3V power supply (3.3V product) 





* Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Vv Refresh. Refresh Period | 
ef | cycle Pes Vec 
Control ; 
C1004C] 5V_ Ves 
V1004C Bo tk | VBB Generator 
es, Buffer 


Refresh Control 
Refresh Counter 


> [Row Address Buffer 


be 




























e Performance range: 


| -8 | 50ns|15ns|_90ns| 35ns| 5V Only | 
| -6 | 60ns | 15ns |110ns} 40ns|_5V/3.3V_| 
| -8 | 80ns | 20ns |150ns] 50ns| 5V/3.3V_| 




















ps & IO i 







Memory Array — 
1,048,576 x 4 
Cells 





nse Am 
Ww 


je 










Data out 
Buffer OE 


Column Decoder 





Col. Address Buffer 












SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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- KM44C1004C, KM44V1004C 


¢ KM44C/V1004CP 





¢ KM44C/V1004CT 


PIN CONFIGURATION (Top Views) 


¢ KM44C/V1004CJ 













Pin Function 


Cvs [Ground 
CoE [pata Ouipus Enable 
SS 












CMOS DRAM 


° KM44C/V1004CZ 
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KM44C1004C, KM44V1004C CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


‘Parameter ae es 


yenige G on any pin 1 relative t to Wes 0. 5 to wi 6 -1 0 to +7.0 pm 


a ere eee 
| Storage Temperature | Tstg | 55 to+t50 | -55 to+t50 | °C 
| PowerDissipation | Po | co | St] 
| Short Circuit Output Current | tos S| || 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


eee ee ee ae ee 
[To [| o |v 


[Ground | ss | oo | lo | 
[input High Voltage | Vin | 20 | - | VeoroS"| 24 | =| Veceto'| ov | 


[Input Low Voltage | ve | 037 | = | o@ | 40%] - | os | v 


*1.: Vec+1.3V/15ns(3.3V),Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss 





DC AND OPERATING CHARACTERISTICS 


su a operating conditions unless otherwise noted.) 












Parameter _ 






ligput eka Current lu) 5 

(Any input 0<Vin<Vcc+0.3V, all other pins not under test=O0V 

Output Leakage Current eae A 
(Data out is disabled, OV<VoutsVcc) " H 
Output High Voltage Level (lo#=-2mA) | Vow | 24 ] - | vi 
Output Low Voltage Level (loL=2mA) oa Oe ee 





Input Leakage Current (Any input O<Vin<Vcc+0.5V, 
(Any input 0<Vin<Vcec+0.5V, all other pins not under test=0V 


Output Leakage Current low 
(Data out is disabled, OV<Vout<Vcc) ) 
Output High Voltage Level (loH=-5mA) Pepe 
| Output Low Voltage Level (lot=4.2mA) eS eee 


ELECTRONICS 
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KM44C1004C, KM44V1004C CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Don't care 


Icc3 Don't care 


Iccé Don't care 


= [oe ae 


| oor 





Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min. ) 
lcce : Standby. current (RAS=CAS=W=Vu ) 
Icca* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 
lcc4* : EDO Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) 
Iccs : Standby current (RAS=CAS=W=Vcc-0.2V) _ 
lcce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 
lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vit)=0.2V, CAS= 0.2V 
DQ0~3 = Don't care, Trc=125u1s, Tras=Tras min~300 ns 
Iccs : Self refresh current 
RAS=CAS=Vi_, W=OE=A0 ~ AQ = Vec- 0.2V or 0. 2V, 
DQ0 ~ DQ3= Vcc-0.2V, 0. av or open 


*NOTE : Icc1, Iccs, Icc4 and Iccs are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci , Icc3 
and Icce, address can be changed maximum two times while RAS=VI. In Icc4, address 
can be changed maximum once within one hyper page cycle. 
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KM44C1004C, KM44V1004C CMOS DRAM 


CAPACITANCE (Ta=25°C,Vcc=5V or 3.3V, f=1MHz) 


Parameter - 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.0/0.8V 
Test condition Ses selea, : ee ee Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 













ee ete eee 
Pst cine we fet [oom | 
ptrac | {| s50[ | 60] | 70] | 80 | ns |3,4,10 
ee ee ee 
access time trom column adaress | wa_| [25] | | | as| | 40 | ne | aro 
EASocuputiniowz __———~S—=iww P| fa] fe] [el] [| 3 
Ouputbufertun-of delayfrom CAS woez | se] 3] ] sa] | | we [7 
Fineness tw fate latte lalate fm [a 
_[BiSpeaagenne we fof | foo | [oo 
pes eeseyenee ______ et 2 xt oe ee et 
rettadine twa fal fos tao] Taal fo 
cASnoldtime ‘Pes [ao [oo | [oo] [70] | ne | 
cman fas fc ie fea a 
20 | 43 | 20 | 50 | 20| 60_ 
nie ete ee reere Fee 
rel tel [sl [wl 


















= to RAS precharge time 







Row address set-up time 


LO | ns _| 
Row address holdtime Ss RAH | 10/ [0 | 10] [10] | _ns | 
Column address setuptime sss | asc | o/ [o| {o| |[o| | ns| | 
Columnaddressholdtime === | tcAH_ | 8 || [io] [15] [is] | ns | 
Cotmn saesstawime rleeresdreRAS We 85) 4 aR) | sr) ns aT 
Column addresstoRASleadtime _—| tRAL | 25{ |30| | 35| |4o] | ns |_| 
Rend command setup tine __jinos 191 fot lot tof {net 
Read command hold time referencedto CAS | trcH | 0 | | 0 | 
Poe ere ep amenr——s a S 
1o| |jro} [1s| |is| | ns | | 
s7|_|ae| |se| [s7|_ | ns | 17 | 
Write command pulse width io | | iat | ns {| 
WntecommanstoBAStewdime _Lamw 1s} [18/20 _j ao) | as | 
| tiol list Laol i ns | 
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KM44C1004C, KM44V1004C i | __CMOS DRAM. 





AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 










Data set-up time" | wos | to} | of | of fT of ins Jo | 
Data hold time oH | e| | ol [as] | 15] fins [oo 
Dataholdtime referencedtoRAS tH | 95| | a2} | 52] | sz} ns | 17 
Refresh period(Normal) ss tREF || 16) | te] | te] | t6| ms | 
Refresh period(L-ver) REF || 128] | 128] | t2e]_ | tae] ms | 
Write command setuptime [twos | of | of {| of | of [ns |7_ 
TAStoWdelaytime tow | 30] | a4] | aa || a] ns 7 





AS toWdelaytime -—=—Ss—ssSStRWD | 67] | 79|_ _| ao| | o9| [ns [7 _ 
Column address toWdelaytime _——ftawo_| 42{ | 49|_—| so] | oa] | ns [7 
CAS precharge toWdelaytime _—S=—tcpwo | 45| | 54| | 64| | 69| | ns | 
CAS set-up time (CAS-before-RAS refresh rcsh | 5 | | sf | 5] {| sl [ns] | 
TAS holdtime (CAS-before-AAS refresh) |tcHR | 10| | 10] | 15| | 15| |ns | | 
RAS to CAS prechargetime _—=Ss—stmpc_ =| 5| | 5| | s| | 5| |[rs| | 
TAS precharge time(CBR countertest cycletcpPT | 20| | 20| | 25} | 30| |-ns | 
‘Access time from CAS precharge _—=—sitcpa_| (| 28, —|_35|_—s|—s4oi_~—sd|s asi ns | 3 | 
Hyper Page mode cyoletime _—=s—stHpc, =| 20| | as|_ | ao} | a5; | ns [45 | 
Hyper Page mode read-modity-wite cycletime- |tHPRWC, 47| | se| | 71] | a1] | ns | | 
CAS precharge time (Hyperpage cycle) ‘|tcp_ | 8| |1i0|/ | 10/ | to} |ns| | 
RAS pulse width (Hyper page cycle) __|tRASP_| 50 [200K] 60 |200K| 70 |200k| 80 [200K| ns |__| 
RAS holdtime from CAS precharge __—itRHCP_| 30} | 35| | 4o| | 45| | ns |__| 
OE accesstime  -_—= == Sst | | ii__—'| ts] | 20] | 2oj ns |__| 
OF to data dela i5|_ | a0] | aj [ns | 
(Out put butter turn off delay time fromOE |toez_| 3/ 13] 3| 15] 3| 20| 3] 20] ns |613 
OE to output in low-Z voz | 3| | 3{ | 3 | 3; [ns | | 
]OEcommandholdtime Stor | ia] [is|- | aol | aol [ns | 
Output data noid time JOR si | si | s/| | s| [o|[ | 
Output buffer tum off delay fromBAS _—|trez_| 3] 13| 3| 15| 3| 20| 3/ 20/| ns |6a3 
Output buffer turn off delay fromw __——iitwez_ | 3| 13/ 3| 45| 3/ 20, 3| 20| ns | 613 
W to data dela tWED 15 15 | 20| | 20{ |ns| | 
OE toTASholdtime _—SSs——CstcocH#_ | 5; ~—| 5) | | | | Sf ns | 
CASholdtimetoOE ssc | | —| 5} | |] | | Sf ns | 
Cc precharge time wep | s| | si | si | si [ns| | 
W pulse width (hyper page cycle wee | s| | sli | s5{ | s| [ns] _ 
RAS pulse width(C-B-A self refresh) __ltrass _|100| _|100| _|100| [100] | us Lie | 








Note) *1: 5V only | 





- © 
Oo 


ELECTRONICS — 


KM44C1004C, KM44V1004C CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 










le i a a a 
ice flo] fl | 
ea 
[Readiodty-witeyeietme [rw [121] [asl 70] __[r95| | ve | 
a a 
|AccesstimefromCAS “TCA || 18 | | | 25 | ns | 345) 
ai a a et er tae oe 
[FAS pulsewidth | tas | 85] 10K [5 / tox [75 | tox [95] 10K | ns | | 
[CRS pulse wiath eas | 16] 104] 15] 10K [20] 10 [25 | 10K | ne | 
| tao} fas] fas] ns | 
[EASholdime [agen [a5] —_[es! [os | [ve we | 
coumnadsesoRiSiesine [wa [>| [as] foo[ [us] Tm | 
See casting oui akg aga 
ace FE Se 


[Column address toWdelaytime == || tawD | 47|_—s sal fea] ~—too| | ns |_ 7 | 
Hyper Page mode cycle time tHpc [25| {aol —stss| sao] | ns | 45 | 
| Hyper page mode read-modity-wite cycle time | tPRWC|S2| fei] _—si7e| sf a6| | ns | 
| FAS pulse width (Hyper page cycle) _| tRASP| 55 | 200K | 65 | 200K | 75 | 200k | 85| 200K| ns |_| 
[Access time formCAS precharge S| tcpA | | 33| | 40 | | 45 | | 50 | ns| 3 | 
GE accrstine____taoea }_{ se} | 20 1 as | _{ 25 | om} _ 
OE to data dela [OEtodatadelay  —Ss———SCéd «at | 118 | tao| ss tas| fas} ns | 
cconmansnonins Looe [oe [aol Las Las Toe 


Note) *1: 5V only 


Parameter 
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NOTES 


1. 


10. 


11. 


12. 


13. 


14. 


“15. 


16. 


17. 





SANS UN 


An initial pause of 200s is required after power-up followed Py, any 8 ROR or CBR cycles before proper 
device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vic(max) and are assumed to be 2ns for all inputs. 


. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 


reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 


sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), tRWD= 
tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-write cycle and the data output will contain 
the data read from the selected address. If neither of the above conditions is satisfied, the condition of 
the data out is indeterminate. | 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 
These specifications are applied in the test mode. 

In test mode read cycie, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 

tCEZ(max),tREZ(max), tOEZ(max) and tWEZ(max) define the time at which the output achives the open 
Circuit condition and are not referenced to output voltage level. 

lf RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved 
by RAS high going. | 

tASC26ns, Assume tT=2.0ns. 

1024 cycles of burst refresh must be executed within 16ms before and after self refresh,in order to meet 
refresh specification.(3.3V L-Ver.) 

tAR , tWCR ,tDHR are referenced to tRAD(max). 
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KM44C1010C 


CMOS DRAM 





1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 
(Write Per Bit Mode) 


DESCRIPTION 


This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMSs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time(-5, -6, -7 or -8) and package type (SOU , 
DIP, ZIP, TSOP-ll) are optional features of this family. 


All of this family have CAS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 
This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 


realize high band-width and high reliability. 


FEATURES 


¢ Part Identification 
- KM44C1010C 


e Active Power Dissipation 
Unit : mW 





Active power dissipation a 







470 


* Refresh cycles 










_| Refresh 


| vee ee | Refreshtime __ 
oS cycle | Ce 


e Performance range: 













¢ Fast Page Mode operation 

e Write Per Bit Mode Capability 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden refresh capability 

e Fast parallel test mode capability 

e TTL compatible inputs and outputs 

e Early Write or Output enable controlled write 

e JEDEC Standard pinout 

¢ Available in Plastic SOJ, ZIP, DIP, TSOP(II) packages 
—¢ Single +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


Vcc 
= Control Vss 
WEW Clocks VBB Generator 



































‘Speed | RAC | 1CAC T tAC | PC wor 
rene 
row areas utr : 
; AO~AQ ata out 
SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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SAN FIECTRANICS 





KM44C1010C 


CMOS DRAM 





¢ KM44C1010CP 





PIN CONFIGURATION (Top Views) 


¢ KM44C1010CJ 





W0/DQ0 C31 O rI Vss 


W1/DQ1 C42 P) W3/DQ3 
WB/W C43 PC] W2/DQ2 
RAS Py) CAS 


AO tt AS 
At 47 + A7 
A2 + AG 
A3 — AS 


¢ KM44C1010CZ 





* KM44C1010CT 







W0/DQ0 11 o -T} Vss 
W1/DQ1 Hj2 


¢ KM44C1010CTR 








Vss L320 
W3/DQ3 W419 
W2/DQ2 1418 

CAS (17 

OE ILN6 SLL AQ 


1-0 W0/DQ0 
2,-W1/DQ1 





| AO-AQ_ aE Inputs — 









~PinFunction 


Write per bit/Read/Write input 
Row Address Strobe 
CAS Column Address Strobe 


W0/DQO | Write select/Data In/Out 
sees 


Data Outputs Enable 
Power(+5.0V) 









6-0 AO 
7A 
B8E-HA2 - 
OEY AS 
10-4 Vcc 
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KM44C1010C oe CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 












Parameter 


Voltage on any pin relative to Vss 
Voltage on Vec supply relative to Vss 
Storage temperature -55 to +150 
Short circuit output current Pts Sf Oma 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 










RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 










[Ground Si] Sm dT dT oP dT 
[Input high votage [| Vm | ea | - | vero? |v 


*1: Vec+2.0V/20ns(5V), Pulse width is measured at Vcc 
*2: -2.0V/20ns(5V),Pulse width is measured atVss 







< |< [< 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 










. Parameter oe 


Input leakage current (Any input O<VinsVcc+0.5V li 5 uA 
all other pins not under test=0 volts.) | 
Output leakage current | 
(Data out is disabled, 0V<Vout<Vcc) 
Output high voltage level(loH=-5mA) | vow =| 24 | - | ov 
Output low voltage level(io.=4.2mA) | | ovo | - | o4 | vo 









ELECTRONICS 


KM44C1010C — : | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 





Icc1* 
Icc2 : 
: RAS-only refresh current (CAS=ViH, RAS ,Address cycling @tRC=min. ) 
: Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC= =n) 
: Standby current (RAS=CAS= W=Vcc-0.2V) 

: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 


Icc3* 
Icca4* 


locs 


Icce* : 


: Operating current(RAS and CAS cycling @tRC=min.) 


Standby current (RAS=CAS=W=Vu ) 


*NOTE: Icct, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1 , Icc3 
and Icce, address can be changed maximum once while RAS=Vi.. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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ELECTRONICS 


KM44C1010C CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V, f=1MHz) 


Parameter | | Symbol | = Min | Max | Unit. 
Input capacitance [AO - A9 eis 2k es i eh pe 
Input capacitance [RAS, CAS, W, OE] ec ee |e | ee 
Output Capacitance [DQO - DQ3] ee ee ee ee eee 


AC CHARACTERISTICS (0°C<Ta<70°C, Vec=5.0V+10%, See note 1,2) 
Test condition : Vec=5.0V+10%, epee wey Voh/Vol =2.4/0.4V 





Parameter 


a pre =n 6d a a 
Reedmodty-wite ce tine riawe [13a] [ve | [185| [aos[ [ms | 
Access time from RAS trac | [50] | 60] | 70; | 80 | ns [3,4,10 


Access time from CAS 








Access time from column address 


CAS to output in LowZ raz fo, lo] [o| |o| |=] 3 
Output buffer turn-off delay torr | o| 13/0 | 15/0 | 20] 0] 20] ns | 6 | 
Transition time (rise and fall) rir =| 3] s50|3 | 50/3] 50| 3] 50 | ns { 2 | 
RAS precharge time _ jtrP_ | 30] [40] |s0; |eo| |r| | 
RAS pulse width | tRAS | 50[10K| 60 |10K|70|10K| so] 10K | ns |__| 
RAS hold time piBsi 18} fas |_ap} ta} a} 
CAS hold time Ff] feo] 

CAS pulse width fee | [fl | — 
RAS to CAS delay time |tRcp_| 20| 37 | 20 | 45 | 20] 50 | 20] 60 | ns _ 
RAS to column address delay time _ tRAD eee 
CAS to RAS precharge time a Seid 5 5 5 i 
Row address set-up time fash | o| [ol [o{| Jo| |r| | 
Row address hold time tRAH 10 el ot 

Column address set-up time ‘asc | ol] fol] lol lol [ns] | 
Column address hold time ficaH | 10] [ro] |15}  |as| [| ns | 
Coiumn address hold time referenced to RAS ‘ir | 40} las| [ssl leol | ns | 12, 
Column address to RAS lead time Pipac | 25/ [30]  |3s! {aol [nn]. 
Read command set-up time fiacs | o| lo! [ol [ol | ns| | 
Read command hold time referenced to CAS | tRCH Oil: - 1 100. fo | fo} |{o|] | ns/] 8_ 
Read command hold time referenced to RAS tRRH fol [ol jo| [ol | ns |_sa | | 
Write command hold time | ‘two | 10| /40 | fis | ys} | ons | 
Write command hold time referenced to RAS rawer | 40] fas! {ss} fteol | ns | 12 | 
| Write command pulse width ‘we |i0] fio} - lis] [is] [| ns |_| 
Write command to RAS lead time we | is; lis} [ool [ool | ns || 
Write command to CAS lead time ‘rowiis! lis| [aol [ool [ns | | 
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ELECTRONICS 





KM44C1010C | CMOS DRAM 


AC CHARACTERISTICS (0°C<Tas70°C, S00 note 1, 2) 






_ Parameter ro oe He oon oes ee 8 


eae 8 RS 9 i 
Dataholdtime ss SSCS* tH [tt] ~— [to | sits} ~~ ts} ns [9 | 
Datahold time referenced toRAS. ___—|tDHR [40 | [45 | [ss] feo] | ns | 12 
Refreshperiod ==“ “CCR, =| «S| 16 || =| te | | 16 | ~(| 16 [ms | 
[Write commandset-uptime sss [twos |o | [|o| jo} [o/ {ns |7_ 
CAStoWdelaytine =“ =sftcwo [a6] [40] |s0|_ ~—sso| st ns | 7 _| 
RAStoWdelaytime  —=s—ss Ss tRWD | 73| | a5] |iooi__~—S tio] ~—S | ns | 7_ | 
Column addresstoWdelaytime _—=——s|tawo | 48 | [55| les; | 7o| sf ns | 7 

CHS estup tine (CASbeloreRAS whey [tos [10 | T101—l0l Tw tT 1 
CAS hold time (CAS-before-RAS refresh) |tcHR |10| |10{ 15; | 15| ~~ | ns |__| 
RAS toCAS prechargetime == trpc | 5| [5 | |s5|  |5|  |[ns| | 
CAS precharge time(CBA countertest cycle) tcPT_|20| |20| |25| |a0/ |ns| | 
smite Pate SEAR 
PC sf 40} tas __ts0} ns 

Fast Page mode read-modihy write cule ind wrWC| 76 | les | lool _[1os|-__[ na) | 
armen lata) ta a tat 
(AS une votes nae IMAG EE ome Te BS aI 
AS hold time from TAS precharge _—=tRHCP | 30 |__| 35 }45| | ns _| 
Piacente tora | fast tart tae top Toe 
OE data dela oeco |i3{ fis] |aol tao] © [ns | 
TAS prechargetoWdelaytime _——{tcpwol|s3| [eo] | 7o| 7s] {ns || 
lout put buffer turn off delay time fromOE _|toez_|o | 13/0 | 15 |o| 20 |o| 20 [ns | 
OEcommandholdtime  _—S=s———stoen |13/ is! {aol _[ao| _—|ns| __ 
insure sewpureTaree e 8TS og eae 
Write command holdtime(Test mode in). |twrH |io| |1o| iol _— | 10] ~—stns | 
W_to RAS precharge time(C-B-R refresh tWRP__| 10 ‘io| [il [iol Ins] | 
W to RAS hold time(C-B-R refresh , ee 
tWBS 

tweH |io] |io} {aol iis] ns | 
WD 


reemerged 







































Write per bit set-up time 
Write 






Der bit hold time 
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KM44C1010C | CMOS DRAM 


a MODE CYCLE 


| aa : uy : 












>in] ox in| Max [Win] Max | 

i ggg 6 TC" le 
Read-modiy-witecyletine | arw0 [198] [reo] [100] [210] [ns |_| 
i 
AccesstimefromCTAS “ae Cd CAC || 18 | | 25 | ns | : 
fecsmenncimemes tw [{ ts} lel [etslan 
|55| 10K |65| 10k |75| 10K | 85] 10K | ns | __ 
emenwen ——es floc fesse 
| feo] tas | of os| ot ns | 
ar andere 
camming {wa [sol fos[ [aol Las] me | 
TAStoWdelaytime  —§«—S§s—s—sdt tcwo | 41| fas] [ss | ss 
NER > A 
can ain ana wd 9{ tol fo0 Laat 
Pam aU 2°" MRR PS PY 

hae nr snenticmcceel ett [oe teal ot | — 
FAS oulse wit (Fast nage cue) __ (RAGE 85200" 5/200 f7 75 | 200K | 

Pe a -  S 
po [El Se SS SN 
OEtodatadelay ss — —“‘*é‘ OED | 18] ~~ oO] ios | fs | ns | 
DEsmmandtosine ————[oen [ve Tol Las Tas Tne 1 

























ELECTRONICS | | a 


KM44C1010C © | | | CMOS DRAM 





NOTES 

1. An initial pause of 200us is required after power up followed by any 8 RAS cycles before proper device 

operation is achieved. 

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 

_ measured between VIH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a 
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VOH or VOL. 

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data 
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min) 
and tAWD2= tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the 
data read from the selected address. If neither of the above conditions is satisfied, the condition of the 
data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge 
in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 

11. These specifications are applied in the test mode. 

12.tAR, tWCR, tDHR are referenced to tRAD(max). 
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ELECTRONICS 


KM48C512B, KM48V512B CMOS DRAM 





512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode 
DESCRIPTION 


This is a family of 524,288 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-I!) are optional 
features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 512Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for personal computer and portable machines. 





FEATURES ¢ Fast Page Mode operation 

«Part Identification ¢ Byte Read/Write operation 
- KM48C512B/BL (5V, 1K Ref.) ¢ CAS-before-RAS refresh capability 
aero alee rie ¢ RAS-only and Hidden refresh capability 


¢ Self-refresh capability (L-ver only) 

¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
e Early Write or output enable controlled write 

e JEDEC standard pinout 

e Available in plastic SOJ and TSOP(II) packages 

¢ Dual+5V+10% power supply (5V product) 

¢ Dual +3.3V+0.3V power supply (3.3V product) 


¢ Active power ee | __Unit: mW 


FUNCTIONAL BLOCK DIAGRAM 


. Contro} 
Clocks 


Refresh Timer 


, 
Refresh Contro! 
A Refresh Counter 
A0~AQ => Row Address Buffer Address Row Address Buffer 


Col. Address Buffer 


Vcc 


Vss 
[vee Generator | 







aha 























Buffer 
e Ee enormance range 
speed| tRAC|tCAC] tRC | tPC | Remark | 


ras [one | 16ne | o0ne] a6ne | 5V Gri 
| -6 | 60ns | 15ns |110ns| 40ns | 5V/3.3V_ 
|_-7__| 70ns | 20ns |130ns| 45ns | 5V/3.3V_ 
| -8 | 80ns|20ns |150ns] 50ns | 5V/3.3V_ 







DQO 
to 
DQ7 













Memory Array 
524,288 x 8 
Cells 









| Serse Amps & 10 ; 
\ 





Data out 
Buffer 


Column Decoder 





AO ~A8 





. SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 








KM48C512B, KM48V512B | CMOS DRAM 
PIN CONFIGURATION (Top Views) 


° KM48C/V512Bu 





(TSOP(II)-Forward Type) (TSOP(II)-Reverse Type) 

















[-AO-AQ | AddressInputs [ReadMWrite Input 


~{ DQO-7 Data In/Out Data Output Enable 
Page 
_Row Address Strobe Power (+3.3V) 





Column Address Strobe 
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ELECTRONICS 


KM48C512B, KM48V512B CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


ee 7 Parameter 


-yokage on any pin relative to Vss -0.5 to +4.6 -1.0 to " 0 —Y— 


Voltage on Vcc supply relative to Vss -0.5 to +4.6 -1.0 to +7.0 


_ | Storage Temperature -55 to +150 -55 to +150 pa 
Power Dissipation a Re 


Short Circuit Output Current 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 







Parameter 


ee ee ee ee ae ee 
fared | Ve [o [0 [5 |» [0] 0 (vv 
‘input High Vatage | Vm | 2a | -] vonros} 20 | [vento] vy 
'inputLow Vottage | ve | -057[ - | os | so7] - | o8 | v_ 


“1: Vec+1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vec. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 














DC AND OPERATING CHARACTERISTICS 


—— eal conditions unless otherwise noted.) 












pee Leakage Cuitrent: 

any input O<VinsVcc+0.3V, all other pins not under emo) | 5 | 5 | WA 
© [Scape ne ing) Poe 
Output Low Voltage Level (lo=2ma) | CV | | 04 | OV 


Input Leakage Current (Any input O<sVinsVcc+0.5V, le) a 5 uA 
(Any input O<Vin<sVcc+0.5V, all other pins not under test=0V) | a 








Output Leakage Current see : a 
oN (Data out is disabled, OV<Vout<Vcc) (L) 


uipt igh Votage Level (ovesma) | vow | Oa | |v 
| Output Low Voltage Level (la=4.2ma) | CV | = | 4 | OV 


ELECTRONICS 
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KM48C512B, KM48V512B | | CMOS DRAM — 


DC AND OPERATING CHARACTERISTICS 


alll a ene conditions unless otherwise noted.) 


— 


Te [omen [ome [a 


“ 


Normal ; 0.5 
Pe eee 1 us 


Don't care 


Icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.) 

Icce : Standby current (RAS=CAS=W=Vu ) | 

icca* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 

Icca* : Fast Page Mode current (RAS=Vit, CAS, Address cycling @tPC=min.) 

lccs : Standby current (RAS=CAS= =W=Vcc-0.2V) 

icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min. i; 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
Din = Don't care, TRc=125y1s, TRas=TRas min~300 ns | 





Iccs : Self refresh current 
RAS=CAS=Vi_L, W=OE=A0 ~ AQ = Vcc-0.2V or 0.2V, 
DQO ~ DQ7= Vcc-0.2V, 0.2V or open 
*NOTE : Icc1, Icc3, lcca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icca, 


and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one fast page mode cycle time, tPC. 


: ELECTRONICS - ae eee 








KM48C512B, KM48V512B CMOS DRAM 


CAPACITANCE (Ta=25°C,Vcc=5V or 3.3V, f=1MHz) 
| Parameter eS 


Input capacitance [AO ~ A9] 
Input capacitance [RAS, CAS, W, OE] 


Output Capacitance [DQ0~ DQ7] 












AC CHARACTERISTICS (0°CsTas70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Von/Voi =2.4/0.4V 







Parameter 


Random reed or wite qeiotme [no _| 00. 

rrwo [15] [v5 [165] [205] [ne | 
AccesstimefromRAS “| RAC | | 50/ | oo] =| 70] ~—|_80| ns [3,4,10) 
Access ine fom CAS ———* wea | | a8} [asf | 20] | 20] ww [ans 
[access time om cotumnadsress twa | | 25[ | 0] [05] | 40] ne | a0, 
Hroupuiniow2 oz to fol ol [ol [rl 3 
Output bufferturn-offdelay sss | tOFF | 01 15| 0] 15| 0] 15/ of -15| ns | 6 | 
Transition ime (ise anata) [| 3] s0[ | so| | e0| | co] ns | 2 
RS prechargetine dw | so] Pao) | so] oof | ne 


tRAS | s0| 10K] 60] 10K | 70] 10K] so] 10K] ns | 
FASholdtime Ss tH | 5] | ts} | ao] | aol ns | 
TASholdtime st tc | 50] | co] | 70] |g} ns | 
TAS pulsewidth Ss tas | 15 | 10K] 15 | 10K | 20]10K| 20/ 10K | ns | 
FAS toCASdelaytime Ss tcp | 20] 35] 20] 45] 20] 50/ 20] eo] ns | 4 






2 







RAS to column address delay time _—_| trad | 15| 25| 15| 30| 15| 95] 15| 4o| ns | 10_ 
CAS toRAS prechargetime _—-—Sss{tcrp, | s| | s| | 5| | 5) | ns] | 
Row address setuptime sf tas | of | ol | of | of | ns | 
Row address hold time ‘pa [iol [iol [sof | tof [ons | | 










Column address set-up time fmsc | of | of | of | of | ns] | 
Column address holdtimesv) | tcaH_ | 10| | sol | a5] is{ | ns | 
[Coumnaddressholdtime(a3v) | tcan | -| | is] ts] fj ts] ns | 
Column addresstoFAS leadtime | tpt | 25] | so| | a5} | aol | ns | 
mcs | of | of | of | of [ns] 
Read command hold time referencedtoCAS| tacH | o| | o| | of | of | _ns | 6 
Read command hold time referencedtoRAS| tARH | o| | o| | o| | of | ns | a | 
Writecommandset-uptime == {wes _o| | of | o| | of | ns{ 
Writecommandholdtime =| won| to] | ao} | sof | io) ns 
Write command pulse width tWP 10 10; | ns | 

(Write commandtoRASteadtime | tawe | t5| | is| | 15] | 2of ns | 
Write commandtoCASteadtime | town | 15] | ts} | ts] | ao] | ns | 


(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 


et? 
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KM48C512B, KM48V512B CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 






















Datasetuptime sts | of | of tof 
(128| | 120] | 128) 
: 


pari 
ity 
he 


jaot [ao] {| so] | so} | ms | a | 
} mawo | 75] | a5] | 95] | tos] | ns | 
. 55; | eo] | 65] | ins | 8 


[Column address to Wdelaytime _——*(tawb | 60| | 55 
s5| | 6o| | 65, | vol [ne | | 
eee eee ee 









recharge time FE Ce a Fe 
[CAS precharge time(CBR countertestcycle)|tcpT | 20| | 20] | 25} | so] | ns | 
[Access time fromCAS precharge. _—itcpa |__| _30| | 35, | 4o|_— | a5 ns | 3 
[Fast Page mode cycletime tec, | a5 | | ao] | 4s] | so | ns | 
[Fast Page mode read-modify-wrte cycle ting PAWC| 80 | | so| | 95) | tos | ins | 
CAS precharge time (Fast page cycle) _|tcp_| 1o| | 10] | tof | to] | ns | | 
IAS pulse width (Fast page cycle) ___| sRASP|_50 |100K| 60 |100K| 70|100K| 80 |100K| ns |__| 
RAS hold time from CAS precharge tRHCP|_ 30 35| | 40] | 45 ns 

OE access time | toca | | 15] | 15] | sof | ao 

OE to data dela woep | ts] [as] | zo] | aot | ns | 
Out put butfer turn off delay time fromOE |10£Z | 0| 15| 0) 15] 0] 20| 0} 20) ns | 
OE command hold time | tOEH /45| |. 15| | 20] ‘| _20| ns _| 

[RAS pulse width (C-B-R selfrefresn) _—[tRass|r00| | 100) | 100] | too || ws ft 
RAS precharge time (C-8-R selfrefresh) tps | 90 | [110/10] | 50] ins | | 
ERS holdtime (C-B-F setretresh) | tcHS | -s0| | so] 60] | So] | ns Jat 


(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 





































ELECTRONICS 


KM48C512B, KM48V512B | CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. | 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | 

5. Assumes that tRCD> tRCD(max). 

6. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. | 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2> tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
Satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. | 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. oe 

11. 1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to 
meet refresh specification (L-version). | 
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KM48C514B, KM48V514B CMOS DRAM 


512K x 8 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 524,288 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed 
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional 


features of this family. 


All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 512Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 

It may be used as main memory unit for personal computer and portable machines. 


=EATURES 
Part Identification 
- KM48C514B/BL (5V, 1K Ref.) 
- KM48V514B/BL (3.3V, 1K Ref.) 


Unit : mW 


e Active power dissipation 


RGSS RE RRR BRE CSL I BCU RO EDS 





ie PF 


¢ Performance range 


| -6 | 60ns | 15ns |110ns| 25ns| 5V/3.3V _ 
|_-7__| 70ns | 20ns |130ns| 30ns| 5V/3.3V_ 











|_-8 | 80ns | 20ns |150ns| 35ns| 3.3V Only} 


e Extended Data Out operation 
‘e Byte Read/Write operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden refresh capability 

¢ Self-refresh capability (L-ver only) 

e TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
e Early Write or output enable controlled write | 

e JEDEC standard pinout 

e Available in plastic SOJ and TSOP(II) packages 

~ Dual +5V+10% power supply (5V product) 
e Dual +3.3V+0.3V power supply (3.3V product) 


FUNCTIONAL BLOCK DIAGRAM 


Vcc 






Control 
Clocks 


Vss 






a4 






VBB Generator . 














Refresh Timer 
ee, 
fresh Control 
= DQOo 











Memory Array 
524,288 x 8 
Cells 


to 
DQ7 


Ao ~AQ -fae|Row Address Butter 
Col. Address Buffer 


















Column Decoder Buffer OE 


AO ~A8 


SAMSUNG ELECTRONIC CO. ,.LTD. reserves the right to 
change products and specifications without notice. 
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KM48C514B, KM48V514B : CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48C/V514BJ 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 





(SOu) 


° KM48C/V514BT 





(TSOP(il)-Reverse Type) 









Read/Write Input 














| Ww 
-7_| Data In/Out | OE | DataOutputEnable 
| 





| "ELECTRONICS | 


KM48C514B, KM48V514B | os | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 




















ae ee OO 
[i Re LE RAE I | 
[Shor Gircuit Output Gurent =| es | 60d 0 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


rSuppiyVotage | Ve | 30 | as | 36 | «5 | so | ss | y— 
Ground | ss | oo | oo | oT 
[Input High Voltage | Vm [21 | -  [ vecsos''| 24 | - | voout.o| v | 


ee et er ee Toe eee 


*1: Vec+1.3V/1 5ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/1 5ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


<= 





|< 






i 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 










Input Leakage Current 
(Any input OSVin<Vec+0.3V, all other pins not under test=OV) 


Output Leakage Current | ae 5 A 
3.3V (Data out is disabled, OV<Vout<Vcc) = : 

Output High Voltage Level (lon=-2mA) Perera 

Output Low Voltage Level (lo.=2mA) _ 7 | Vo | - fo4 | v | 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, 
(Any input OsVinsVcc+0.5V, all other pins not under test=OV 


Output Leakage Current 
(Data out is disabled, OV<sVouTsVcc) 


Output High Voltage Level (lou=-5mA) pe fae 
Output Low ee Level (loL=4.2mA) Ee oe | 0.4 























5V 
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ELECTRONICS 


KM48C514B, KM48V514B) OO | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


I asc reas conditions unless otherwise noted.) | 








acs : 


\ Nom Don't 0.5 mA 


Don't care 


pale ee 
ccs to Dont care Sat ae De ee 


w 
Icc1* : Operating current (RAS, CAS. Address cycling @tRC= min.) 


lcce : Standby current (RAS=CAS=W=Vu ) 


Icc3* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.) 

lcca* : Hyper Page Mode current (RAS=ViL, CAS, Address cycling @tHPC=min.) 

lccs : Standby current (RAS=CAS=W=Vcc-0.2V) _ | 

Icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min. is 

lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(Vit)=0.2V, CAS= 0.2V 
Din = Don't care, Trc= 125s, Tras=TRas min~300 ns 


lccs : Self refresh current 











DQ0 ~ DQ7 = Vows 0. ov, 0.2V or open 


*NOTE: Icc1, Icca, icca and Icceé are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, loca, 
and Icce, address can be changed maximum once while RAS= =ViL. In loca, address can be 
changed maximum once within one hyper page oye time, tHPC ~ 


ELECTRONICS 





KM48C514B, KM48V514B GMOS DRAM 





CAPACITANCE (1s=25°C,Vec=5V or 3.3V, f= 1MHz) 









adi Spares [AO ~ AQ] 
Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO ~ atl 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi =2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.1/0.8V, Voh/Voi =2.0/0.8V 









Random read orwrite cycletime =| tac | 84] [104] [12a] saa] | ons | 
Diceaetllanta Mall cycle time 2 a ee 
AccesstimefromRAS | tRAC |_| 50] | eo | 70] | 80 | ns 
fAccesstimetromcAS ———ijtcac'| | a7|__| a7| | 20| | 20| ms [34s 
fesstnetencamnaaes [wa | feel Tol [al elm fa 
TAS tooutputintowz sf tcez | 3} | 8} |] |] 

Cupubuertmal sekyhontas [xcex ts] 13] a] 16] a] ve] al ws] oe Tete 


Tayetansn(eeandfal ___ 2) Bk 
f4of | sof 


RAS precharge time 


FES pacharge me 

na REC TET eC Lee aos ame 
RASholdtime St tH | 17 | a7| | 20] | of tins | 
[RSholdtime tts | 40] | sof | oo} | vol | ns | 
AS pucewith _} ica 12 110K sof so4 1 s/o { ao} to ne {| 
RAStoCASdelaytime Ss tr | 20 | 33 | 

pamper aa Pe He 


TAS toFAS prechargetime =| tcrp | 5| | 5 

ove ames sees a 
Row address [Rowaddressholdtime fime | ft aol ft to 

caumammaaneme [ose fof [ate of P= | — 


2} 10 as} ne 


Column address hold time (3.3V 

Read command set-up time tRCS 

[Read command hold time referencedtoCAS| tacH | o| | o| | of | o| | ns | 
Read command hold time referenced to RAS | ee 

Write command set-up time 

Write command hold time 

Write command pulse width 


[Write command pulse width | tw 
ere or PTA” 
WitecommandtocASteadtime [rome |e | vol [15] | 2of | ns | 


(*) : 50ns product : Vec=5V+5%, Output Loading(CL)=50pF 
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KM48C514B, KM48V514B _CMOS DRAM 


AC vidal needa ce ha dil (O°C<Tas70°C, See note 1,2) 







: "Parameter. suse 


=A NES WL 
Dataholdtime(sv) ss SCO] 8] Sf to] | ts] |] fins | 9 | 
Dataholdtime(33v) COS] =| ts | | 18 | fn | 
Refresh period (Normal) _—Sss—CSREF |__|: t6|_—i|s te] ~—s|s te] | t6| ms | 
fstesh period Gye __hner_{__{ vzel__{ 1201 __ sa] _|_1zal_me {| _ 
CAStoWdelaytime _—s———SSCitcw | 34] | se | | aa | | aa] ns | 7 | 
RAS toWdelaytime —Sss——S—CSstwO | 67|__—id| 7 |_| 9a | toa] | | 7 
Column addresstoWdelaytime _—=——sitawo | 42/ | 49| | 59 |_| e4| | ns | 7 _ | 
CAS precharge toWdelaytime _—=——sitcpwo | 45| | s4|_—| 64 | | oo] — | ns | 
CAS set-up time (CAS-before-BAS refresh) _|tcsk_| 5| | 5| | 5| | 5] | ns |_| 
CAS hold time (CAS-before-RAS refresh) _|tcHR_| 10| | 10] | 10/ | 10) | ns | _ 
RAStoCAS prechargetime __—Sss—stpc_ =| 5| | 5} | 5 | | 5] | is | 
TAS precharge time (CBR counter test cycle) |tcpT | 20; | 20} | 25| | 30| | ns | 
[Access time from CAS precharge tPA | | 28|__—*|_ 35|_—s| ao|_—s|s a5) ns | | 
erase mate creme 20| | 2s| | 30] | 35! at | 
[Hyper Page mode read-modify-write cycle timatHPRWG_47| | se| | 71 | | a1) | ns_ | 11 | 
Kisenwnemetinesmeacs 10> Tel twl fw] tol [me 
RAS pulse width (Hyper page cycle) __—*(tRASP_| 0 |100K| 60 |100K| 70 hook| 80 |100K| ns | _ 
RAS hold time from CAS precharge tRHCP 45 
OE access time é es eT 
OE to data dela roeD | 13 20| | 20| | ns | 
Ieee I BP 
OE to output in low-Z tOLZ 3 3 3 | [3] | ns | pons | 
[OE commandholdtime —=s—StEH | 13/ | 15} | a0] | 20} | ns | _ 
Suoutaate vidio te af | 
en eee te ewer ete 
[OE toTASholdtime —Ss———S—Csitoce_—_ || S55 | S| | | | | 5] dt ns | 
cxStowimetwoe __fowo | s{ | st {st {sf [of 
| sl | fins | 






















































0 recharg e time 


wep | sf [s| 1s} | s 
aa... mecca eet te 
RS pulse wityC-B-F sl raesh) Rass [100] [100] [400 | [100] | ws | 2 
RS precharge tine (C-OR sol retest) (PS | eo [no x90) [iso] [ne 
CAS rewine Conse mten jews [so] [sof fo | Jo w |e 


(*) : 50ns product : Vec=5Vt5%, Output Loading(CL)=50pF 
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KM48C514B, KM48V514B oo CMOS DRAM 


NOTES 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 

proper device operation is achieved. 

2. Vik(min) and Vit(max) are reference levels for measuring timing of neu signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivaient to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. , 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | | | | | 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in. the 
data sheet as electrical characteristics only. . If tWCS2 tWCS(min), the cycles i is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD= tRWD(min) and taWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. _ | 

8. Either tRCH or tRRH must be satisfied for a read cycle. . 

9. These parameters are referenced to the CAS leading edge in sea write cycles and to the w leading 

edge in read-modify-write cycles. : 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is epecniee as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlied by tAA. | | 

11. tASC26ns, Assume tT=2.0ns. 

12. 1024 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). , ea PO fae 

13. If RAS goes high before CAS high going, the open circuit éenaition of t the output is achieved by CAS 


high going. If CAS goes high before RAS high going, the open circuit condition of the output is 


achieved by RAS high going. 








ELECTRONICS pi 8 Bere OT 


KM49C512B CMOS DRAM 


512K x 9 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 524,288 x 9 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumpticn (Normal 
or Low power) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. | | 

This 512Kx9 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. : 

It may be used as main memory unit for personal computer and portable machines. 


FEATURES ¢ Fast Page Mode operation 
¢ Part Identification | e Byte Read/Write operation 
~ KM49C512B/BL (SV, 1K Ref.) ¢ CAS-before-RAS refresh capability 


- © RAS-only and Hidden refresh capability 

¢ Self-refresh capability (L-ver only) 

e TTL(5V) compatible inputs and outputs 

e Early Write or output enable controlled write 

e JEDEC standard pinout | ) 

¢ Available in plastic SOJ and TSOP(II) packages 
. ¢ Dual +5V+10% power supply | 


-¢ Active power dissipation Unit | mW 


Active power dissipation __ 










° Refresh cycles FUNCTIONAL BLOCK DIAGRAM 





















Part | Refresh |___Refresh period 
Pasa —| tore aime} SS] ey ee ci 










Data in 
Buffer 

















Refresh Timer 


Pew iy 
Refresh Control 






* Performance range 





DQOo 
to 
DQ8 


ps & 1O : 


Memory Array 


Refresh Counter 524,288 x9 
Cells 
AO ~AQ —-a>JRow Address Buffer 
Col. Address Buffer 






--6 | 60ns | tne | 110ns | 40ns _ 
[—-@ [eons | 20ns_| 150ns | sone 





Serse Am 













Data out 
| Buffer 





Column Decoder 





AO ~A8 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM49051 2B | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM49C512BJ 


ce] 


1 
2 
3 
4 
5 
6 
7 
8 
9 





(SOv) 


¢ KM49C512BT 














Name| ss PinFunction 






eee 


| OE | DataOutputEnable 
















ELECTRONICS 


KM49C512B | CMOS DRAM 





atid le MAXIMUM RATINGS 







Parameter | . eae “a stint 
. eT a ee er 
| PowerDissipation | P| EC 
| Short Circuit Output Current | tos S| | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 











RECOMMENDED OPERATING CONDITIONS Weliages referenced to Vss, Ta= 0 to 70 °C) 







Parameter” oe oan | unit” 
oN 
ae a a Pe 

input High Vottage | _Vw | 24 | - | veo" |v 
[InputLow Voltage | Me | 0? | | 


*1 : Voc+2.0V/20ns, Pulse width is measured at Vcc. 
*2: -2.0V/20ns, Pulse width is measured at Vss. 


< 






i 





<= 






|< 





‘DC AND OPERATING CHARACTERISTICS 
(Recommended eae conditions unless otherwise noted.) 





Parameter — 


input ae, Current t(Any input O<VineVoo+0. BV, 
(Any input 0<Vin<sVcc+0.5V, all other pins not under test=OV) 


Output Leakage Current 

(Data out is disabled, OV<Vout<Vcc) 
Output High Voltage Level (lo#=-5mA) ata ated Osteen) —__} PP 
Output Low Voltage Level (lo.=4.2mA) | Vo | - | 04 | Vi | 
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KM49C512B° its | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


plcbllalael bitin conditions unless otherwise noted.) 


mA 
Icc1 Don't care mA 
mA 
mA 


ine __ Ea 


| mA 
3 Don't care ; mA 
mA 
mA | 
mA 
mA 
A 










=“ 
Normal : 
Don't care 
Iccs L 
- | 6 


Don't care 


-8 


Icc1* : Operating current (RAS, CAS, Address cycling @tRC= min.) 
Icc2 : Standby current (RAS=CAS=W=Vii ) 
Iccs* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min. ) 
-leca* : Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.) | 
Iccs : Standby current (RAS= =CAS=W=Vcc-0. 2V) - 
loce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V | 
Din = Don't care, TRc=125us, TRas=TrRAs min~300 ns | 
lccs : Self refresh current 
RAS=CAS=Vi, W=OE=A0 ~ AQ = Voc-0.2V or 0.2V, 
_DQ0 ~ DQ8= Vcec-0.2V, 0.2V or open 










*NOTE : Icc1, Icca, Iccs and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, address can be > 

changed maximum once within one fast page mode cycle time, tPC. | 


SUN : ee ee 





KM49C512B __ CMOS DRAM © 





CAPACITANCE (Ta=25°C, Vcc=5V, f=1MHz) 
Input capacitance [AO ~ A9] 


Input capacitance [RAS, CAS, W, OE] 


Output Capacitance [DQO ~ DQ8] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.4/0.4V 












Parameter 












to outp 
utpu r tur 












ess ti rom R 
ess ti rom C. 
tAA 
pons | 
torr | o | ts | of 15| o| 15| ms | 6 
tT | 3{ s| 3| so] 3] s0/ ms 2 | 
com hold ti 
com hold ti 


N aisles os 
on 
8 
© 
8 
© 
a 
* 
GO 
BAN 
ol 








ee ee ee 
| 60 [10k | 70 | 10k | 80 | toK | ns | | 
ae ae eee ee 
| ft wo] ns | 

rcas_ | 15 | 10K | 20 | 10K | 20 | 10K | ns | 
tRCD | 45 | 20 | so | 20 | 60 | n 


A 
A 
CAS 
O 
RAS precharge time 
_[RAS pulse width 


RAS hold time 


a 
oO 


CAS hold time 


10 


(RAD 


S 
(CRP 5 ns 
tASR ra ae ae ee 
(ome OTe 
pio 461) 


Row address hoid time tRAH 


—_- 
Oo ol 


Column address set-up time 


O |> © |D |Z 
> | n |n |> 
TO x |x | 


ut in 

e elay 

| 
| 


— 
es) 

> 

rT 

QO |— 
oO |O 
WD j— 
or |O 
> 

© 
a 
” 


7 


=< 
on 
NO 
o) 


S |S |S |D |D |B 
= & |S 35 | 

Tr lm |T |r | 
eB le 


-|Write command pulse width . 
Write command to RAS lead time tRWL 


ns 


pis| of is | 





Write command to CAS lead time tCWL 





ee ) EQ 











KM49C512B)— CMOS DRAM 





AC CHARACTERISTICS (0°Cs<Ta<70°C, See note 1,2) 














Refresh period (L-ver) 
CAS to W delay time 
RAS to W delay time 
Column address to W delay time 
CAS prechargetoWdelaytime =f tcpwo | eo | | es| | vo] | ns | 
CAS set-up time (CAS-before-RAS refresh) |tcse_ | 5 | | ‘5| | s| {mst 
CAS hold time (CAS-before-RAS refresh) ‘cup | to | | tof | to] | ns. 
[RAS to CAS prechargetime ss ttrpc, =| os |] | | | | ns | 
"| CAS precharge time(CBR countertestcycle) |1cpT | 20 | | 25) | ao | | ns | 
Access time from CAS precharge CPA | | 85) | to, || ons | 
Fast Page mode cycle time 40 a5] | sof ns ro 
| Fast Page mode read-modify-write cycletime | tpRwc | so | | 95| | 105 | | ins | 
CAS precharge time (Fast page cycle) __—iticp_—| so | | to} | to | fs | 
FAS pulse width (Fast page cycle) __—| tRasp | 60_| 100K) 70 | 100K} 80 |100K| ns | 
pas | | al | 45 | | ns | 






























RAS hold time from CAS e- tRHCP: | 35 } 40 45 ns 
[OE accesstime- ss SCd tA | | | || | ao ns | 
OE to data dela | tOED | fees. 4 20 20 Pons || 
| Out put buffer turn off delay time fromOE | toez_| o | 15| o| 20] o| 20| ms] | 
[OE commandhoidtime __—S=s————sd tH | a5 | | ao] | 2o| | ns] | 
RAS pulse width(C-B-F self refresh) __—s{trass | 100 | | too| ~ | 100} | us | 11 | 
[RAS precharge time (C-B-R seltrefresh) _ [taps |11o | | 130| | t50 | | sins | at | 
| TAS holdtime (C-B-R self refresh) __—itcus | -so0 | | -so| [| -so| | ns | 14 | 












tCHS 












ELECTRONICS © 


KM49C512B CMOS DRAM 





NOTES 


1: 


10. 


11. 


An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vix(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are 


measured between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 100pF. 
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD2 tRCD(max). 
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 


referenced to VoH or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 


edge in read-modify-write cycles. | 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to 
meet refresh specification (L-version). 
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kMa16C256B, ad Coal _CMOS DRAM _. 





256K x 16 Bit CMOS Dynamic. RAM with Fast —— Mode 
DESCRIPTION 


This is a family of 262, 144 x 16 bit Fast Page Mode CMos DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same‘ row. Power supply voltage (+5.0V or +3.3V), access time 
(-5, -6, -7 or -8), power consumption (Normal 0 or Low power) and package type (SOU or TSOP- -Il) are optional 


features of this family. 
All of this family have CAS- before-HAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 


more, Self-refresh operation is available in Low power version. 

This 256Kx16 Fast Page Mode DRAM family is fabricated using Samsung} Ss advanced CMOS process to 
realize high band-width, low power consumption and high reliability. — 

It may be used as graphic memory unit for MIGIOCO PUTS! personal computer and so(tibie machines. 


_ «Fast Page Mode operation - | 
© 2 CAS Byte/Word Read/Write operation 


FEATURES | 


e Part Identification 


- KM416C256B/BL (5V, 512 Ref.) 
- KM416V256B/BL (3.3V, 512 Ref.) 


e Active power hacia : = 


Unit : , mW 


ePerformance range: 
Speed] tRAC|tCAC} tRC | tPC 


rs [Sree Sa a 57 Om 







| -8 | 80ns | 20ns |150ns} 50ns | 5V/3.3V | 












|_-7 | 70ns | 20ns |130ns| 45ns | 5V/3.3V |. 





_ ¢CAS-before-RAS refresh capability 

_ © RAS-only and Hidden refresh capability 

_ © Self-refresh capability (L-ver only) 

~ e TTL(SVY/LVTTL(3.3V) compatible inputs and outputs — 


_ © Early Write or output enable controlled write 


¢ JEDEC standard pinout : 

¢ Available in plastic SOJ and TSOPUI) patiaac: 
¢ Triple +5V+10% power supply (5V product) 

° Triple +3.3V+0.3V power supply (3.3V product) 


haven DIAGRAM 


“Controt . 
Clocks 


Veco 








Vss 










Lower 
Data in 
Buffer 





_ VBB Generator 



























Refresh Timer Lower DQ7 
aaa es, ec Data out 
Refresh Control Buffer 





Memory Array 
262,144 x 16 






ense Amps & IO 
wa 





. DQ8 
AO to 
(fo Ro ae ee Lee DQ15 
ee HL |Column Decoder . 





SAMSUNG ELECTRONIC CO. , LTD. reserves the right to. 
change products and specifications without notice. 
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KM416C256B, KM416V256B | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM416C/V256BU ¢ KM416C/V256BT | 3 * KM416C/V256BTR 





(SO) (TSOP(Il)-Forward Type) | (TSOP(II)-Reverse Type) 















| Pin 











ame; ss SA FUNCUON oe 
[as [Row Address Strobe 
[—W_| ReaaWrite input 
[OE | Data Output Enable 
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KM416C256B, KM416V256B | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss -0.5 to +4.6 -1.0 to +7.0 Pe 


a ae 
Power Dissipation ee 
Short Circuit Output Current se ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 

this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 






< 





ee eT ee te ee 
|Ground | ss | oo | PT 
[Input High Vottage| Vm | 21 [  - [veces | 24 | - | vocet.ot] ov | 
Input Low Voltage Sl Oe 


*1.: Voc+1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


LEE 







< 






< 





DC AND OPERATING CHARACTERISTICS 


Paco Mee eperaling © conditions unless otherwise noted.) 







Input Leakage Current lL) 55 LA 
(Any input 0<VinsVcc+0.3V, all other pins not under test=OV) 

Output Leakage Current A 
(Data out is disabled, OV<VouT<Vcc) H 
Output High Voltage Level (loH=-2mA) St 
Output Low Voltage Level (lo.=2mA) 7 race 


Input Leakage Current (Any input O<VinsVcc+0.5V, 
(Any input O<VinsVcc+0.5V, all other pins not under test=0V)_ 


Output Leakage Current 5 A 
(Data out is disabled, OVeVoureVeo) H 

| Output High Voltage Level (lo#=-5mA) si High Voltage Level (loH=-5mA) {Seino abled vomsvog)—____ 4 
Output Low Voltage Level (loL=4.2mA) | | Vo | - | 04 | v- 


SAMS Ui 


ELECTRONICS 















HL) 
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KM416C256B, KM416V256B | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Speed i 
KM416V256B KM41 6C256B 






















110 

90 | 90 . as 
Don't care 

locs ° 80 80 mA 
75 75 mA 
70 mA 
' ee mA 
Icc4 Don't care mA 





pa Don' mA 
CC5 on't care ee nA 


cee Don't care 


los Dont care ee a a 


lcc1* : Operating current (RAS , UCAS, LCAS , Address cycling @tRC=min.) 

lcc2 : Standby current (RAS=U amas S=LCAS=W=Vi ) 

Icc3* : RAS-only refresh current (UCAS=LCAS=Vinn, RAS , Address cycling @tRC- =min.) 

lcca* : Fast Page Mode current (RAS=Vit, UCAS or CCAS, Address cycling @tPC=min.) 

Iccs : Standby current (RAS=UCAS=LCAS=W=Vcc-0.2V) 

Icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS, LCAS= 0.2V 
Din = Don't care, Trc= 125s, TRas=TrRasmin~300 ns 





ik 
Ab 








lccs : Self refresh current | 
RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A8 = Vec-0.2V or 0.2V, 
DQ0 ~ DQ15= Vcc-0.2V, 0.2V or open 


* NOTE :  Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=V\. In Icca, address can be 
changed maximum once within one fast page mode cycle time, tPC. 


Z ELECTRONICS 
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' . |Write command to BAS leadtime —_——. IAW 


KMA16C2568, KMA16V256B - eS | vee Mos DRAM 


nate sapaciiance [AO - AB] 


Input capacitance [RAS, UCAS LCAS, W, OE Rel RO SE ee Ba 
Output Capacitance [DQ0 - DQ15) ae a ES 
AC CHARACTERISTICS (0°C<TA<70°C, See note 1,2) | 


Test condition (5V device) : Vcc=5.0V410%, Vin/Vi=2.4/0.8V, Voh/Voi =2.4/0.4V 
Test ones oo oy — Voo=3. ev eo: eh ee Le a ona mee sabe oy an: | 










a 
Restrneatyertecwietne __ we yas} 1 1s51__ 15} fet 
[acces tne rom BAS wc | | | so] | zo] | 80] ns 
ae a A SE 
feminine [oa | [a [ol [al ol 
cas icoupuinues 2 —_w2 | 9} 8 
Out butter uit doay [wor { “0 16 of i] ol ta] ol ts] ro |e 
ante tae ee ee 
RAS prechargetime RP | 80] | 40) | 50] | ol | | 
RAS pulsewicth Ss tra | 50| 10K] 60] 10K] 70] 10K] 80] 10K] ns | | 
BRS owtting PT NB eas as 
‘[CASholdtime Sst tc | 50} | 60] | 70} | ao) | | 
AS guise wiah__| AS} 11064 16] sox 201 tox] 20} tok] oe {| —_ 
RAS toCASdelaytime S| top | 20] 35| 20) | 50] 20| eo] ns [4 
emperor RE me ETE ESET a 
CAStoRAS prechargetime ——«-_—Stcrp | 5| | 5 | s| | s| | ns | 
Row address setuptime "ij tasr | of | of { of | of | ns { 
Rowaddressholdtime =| tra | to] | to, | iol | iol | ns | 
lcoumn addresssetuptime [usc | of |-ol | of | o | =| | 
[Column address holdtime(sv) | ca | to} | 10} | 15] | 5) ins | 
[Column address holdtime(3.3v) | tcaH | =| | t5| | a5] | ts] tins | 
Column addresstoRASleadtime | tRAL | 25| | a0|_ | a5|__| aol ns | 
Readcommandsetuptime | tncs-| o| | of | of | of [ns | | 
[Read command hold time referencedtoCAS| tacH | o| | of | of [| of [ns] a | 
[Read command hold time referencedtoRAS|tRRH | o| | o| | o| | of _ | ns |e 
a er ae 


Write command set-up time twos 














































Write command hold time 
Write command pul e width 











ee eee 
Write command to CAS lead time Lees Pal Pst Tab 


(*) : 50ns product : Vec=5V+5%, Output nding St6F 


<< 
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-KM416C256B, KM416V256B sit ~ --  EMOS DRAM 


coos cera ereaocensacAt eee 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 


ee 5(*) a gig se 
















Min | Max] Units|Notes 


[Datsetuptme ws | o| | of | of | of [mw | 0 
[Dataholdtime (Sydow | tof | vo) fas) | ts] [re | 
Datahold time (3.30) —iwon | -| 15) | a5] | 18] | rs [a 
[Retresh period (Norma) iver || || of | af | al ms | 
[Refresh period ve) ‘(ner | | 128] | raat | veel | ta0| mo | 
[CAS 10W delaytime ‘rewo | «| | ao] | sol | so] [ms [7 
[RAS 10W delaytime ____|awo | 75 | 5] | 05 [105 | [ns | 7 
[Column address to Wasayime [awn | so] | ss] | 60] | es] [ns | 7 _ 
[CAS precharge toW delay tine _[rcewol_s6| | 0] | 5] | | [re | | 
[CAS sotup time (CAS-before AAS retean) licsa | 5] | 5] | 5} | 5] [ns] 
[CAS hold time (CAS-before-AS refresh) cu | 10] | 10] | 10) | wo] [rs | 
RAStoCAS prechaeime ______wwpc | 5] | s| | s| | s] [rs] 
[CAS precharge tme(CBR countertesiwalitcpT | 20| | 20) | 2s] | 90] |r | 
[Accoes ine trom AS precharge fica |_| sol [asl | aol | a5 m | 3 
ae. ee a er i 
iano &.. w..| me) lal 
[cms precharge time Fast page crm lice. | 10/ | tol 1-10] | 10] T'nw 

IAS pulsewidth (Fast page eyie) [asp | 60 hiook| 90 100K! 70] 00x! eo [oox| no | 
RAS hold time tom CAS precharge ance] so] [ss] [ao] | as| [no | 
oeaccestm wen] Pe) al ol | col re | 
readies tel tel el 


Out put buffer turn off delay time frome _|t0ez | 6| 15} | 15, o| 2 o| aol ns | | 
OE command hold time ‘|tOEH 45] | asl | 20f | 20 Pns | 
HAS pulse width(C-B-F sett refresh) ___—‘|tRASS|100| | 100] | 100] | 00. || ws | 14 | 


RAS precharge ime (C-2F se roreany [tnps | 00[ [110] [a0] [50] [ns [11 
CAS hol time CH sot reest) [tens [so [sof [so] [so] [ne [ 





ent 











(*) : 50ns product : Vec=5V+5%, Output Loading(C.)=50pF 
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KM416C256B, KM416V256B CMOS DRAM 


NOTES | 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 

proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 

“controlled exclusively by tCAC. 
5. Assumes that tRCD2 tRCD(max). _ . 
6. This parameter defines the time at which the output achieves the open circuit condition and is not 





referenced to VoH or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2> tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2> tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
Satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. | | | | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 


KM416C/V256B/BL Truth Table 










rs 
ee poor | 2 | one] 

De [#2 | voour | everest 
TH [1] secur | 0e-0ur | word ced 

a [sow [| Be wie 
A 
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KM416C256B, KM416V256B | | CMOS DRAM 





11. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS falling edge. 

13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

14. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tCWL is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


UCAS fr, 
‘ ae | 
ADD, SOOO es R055 50s 
yy Add 


\/ LP\A/ A _AA AK AAA A A AA AA A, AAPA AAA DK AS 
S09. % 0.0. 0.0.6.0 O. 0.0.0.0 0 4000.06.00. 0606 6.9.9.0. 
OOK KK 5555555555555 SSG SoS GG 


® 


aT .09.9 .O.97.9.9.0.0.0. 0.0.9.0. .90.90.0.F.9.9 .0 2.07.0... .. 0. 


17. tCSR is referenced to earlier CAS falling low before RAS transition low. 
18. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS a = 


tCSR tCHR 


19. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 


tDS 





Q ecerenererenecerets Din “Sie ccpcecpcias 


DQ7 — LRG PRR SSK OOO KOK KK RRR KKK KR RRO IN 


DOQ8~ LICL K KK KSC Rx Ve VaV eV et WV av a ete vate eV aVaot pCa erat ot, oS VeVaeteaVaeveavev ew, 
: CODD DO PPO KPO DOOOQOODQDOOOO 
SIIENS SN SISIIM_Din_ MERRIE 
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KM416C254B, KM416V254B _ . CMOS DRAM 
_ 256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 262,144 x 16 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high 
speed random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), 
access time (-5, -6, -7 or -8), power consumption (Normal or Low power) and package type(SOJ or TSOP-II) 
are optional features of this family. | 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 256Kx16 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. | 

It may be used as graphic memory unit for microcomputer, personal computer and portable machines. 


~ FEATURES | ¢ Extended Data Out operation 


¢ Part Identification ¢ 2 CAS Byte/Word Read/Write operation 
- KM416C254B/BL (5V, 512 Ref.) ¢ CAS-before-RAS refresh capability 


- KM416V254B/BL (3.3V, 512 Ref.) ¢ RAS-only and Hidden refresh capability 


¢ Self-refresh capability (L-ver only) 
¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 
e JEDEC standard pinout 
_¢ Available in plastic SOJ and TSOP(II) packages 
¢ Triple +5V+10% power supply (5V product) 
¢ Triple +3.3V+0.3V power supply (3.3V product) 


e Active power dissipation Unit : mW 


— 3.8V BV 
[ee eee ee 
es 
235 440 
ee 

















¢ Refresh cycles | 
Part V ~ | Refresh | Refresh Period 
No. | Y° | cycle 
C254B 
512 


FUNCTIONAL BLOCK DIAGRAM 



















Refresh Timer Lower 
aes, Data out 
e Performance range Buffer 
- >A a ye = , Memory Array 
Speed; tRAC tCAC| tRC | tHPC}. Remark 262,144 x 16 bese 


Cells Buffer 


| -5 | 50ns| 17ns| 84ns | 20ns | _5V Only 

| -6 | 60ns| 17ns/|104ns| 25ns | 5V/3.3V 
7 | 70ns| 20ns|124ns| 30ns | 5V/3.3V 

L:8__| 80ns| 20ns|144ns| 35ns | 3.3V Only 












SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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ELECTRONICS 


KM416C254B, KM416V254B _ CMOS DRAM 





PIN CONFIGURATION (Top Views) 


° KM416C/V254BU ¢ KM416C/V254BT ° KM416C/V254BTR 





(SOU) (TSOP(I))-Forward Type) (TSOP(il)-Reverse Type) 













/PinName| ———s~éPin Function | 
Power (+5V) 
i 






















Fi FeTRONICS 


KM416C254B, KM416V254B CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 



























oe parameter’ | Synth dt 






| PowerDissipation | Po | Tt 
| ShortCircuit Output Current | tos, S| 50 | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS” are exceeded. 
Functional operation should be restricted to the conditions as detailed.in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | | 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 
a a a 






_ Parameter _ 


Supply Voltage Veo - 3.0 








*1.: Voec+1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss. 


DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 





a Parameter =——s—s—~—~—sCSsS Symbol 


3.3V Output Leakage Current 
; (Data out is disabled, OV<VouT<Vcc) | 
Output High Voltage Level (lox=-2mA) | VOH — 
Output Low Voltage Level (lo.=2mA) 


V 


ELECTRONICS | : | 





KM416C254B, KM416V254B CMOS DRAM 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 









— 










5 110 
-6 70 90 aie 
Don't care 
Icos 7 65 80 mA 
-8 60 - mA 
5 - 70 mA 
Don't care = oe - sey 
-8 50 


a tl 0.5 mA 


Don't care 







Icce 


ccs Dont care Seaee cia laaS 


Icc1* : Swetating current (RAS , UCAS, LCAS , Address cycling @tRC=min.) 
lcc2 : Standby current (RAS=UCAS=LCAS =W=Vin) 
Iccs* : RAS-only refresh current (UCAS=LCAS=Vin, RAS , Address cycling @tRC=min.) 
lcc4* : Hyper Page Mode current (RAS=Vi_, UCAS or LCAS, Address cycling @tHPC=min.) 
lccs : Standby current (RAS=UCAS=LCA eed =Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS, ,LCAS=0.2V 
Din = Don't care, Trc= 125s, TRas=TRasmin~300 ns | 
lccs : Self refresh current 


RAS=UCAS=LCAS=Vit, W=OE=A0 ~ A8 = Vec-0.2V_ or 0.2V, 
DQO ~ DQ15= Vcc-0.2V, 0.2V or open 





*NOTE : Icc1, Icc3, cca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one hyper page cycle time, tHPC. 


en” 
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KM416C254B, KM416V254B ie. _ CMOS DRAM 





CAPACITANCE (Ta=2 






ee 


Input capacitance [AO - A8] 
Input capacitance [RAS, UCAS, CCAS, W, O€F} Cine 
Output Capacitance [DQO - DQ15] 


AC CHARACTERISTICS (0°CsTas70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi =2.0/0.8V 
Test condition (3.3V device) : Vec=3.3V+0.3V, Vih/Vii=2.1/0.8V,. Voh/Vol =2.0/0.8V 
















24] | 144 

[Read-modity-write cycletime =| two [116] | 140| [ves] t90f | ons | 
JAccesstimefromRAS | tC || 80] | 60] | 70] | 80] ns | 34,10 
Access time from CAS ricac | | 17] | 17] | 20] | 20] ns | 3.4.5 | 
Access time from column address tAA FZ | | gol | 38] | 40] ns | 310° 
‘[CxStooutputintowz tz | 3] | a] | 3} | af | os | |. 
[Output Butfertum-offdelayfromCAS | tcez_|_3| 13] 3| 16| 3| 20| 3| 20] ns | 6,13] 
Transition time (rise and fall) fir | 21 50] 2] so] 2] 50] 2] so] ns | 2 | 
FAS prechargetime sss te | 30] | 40] so] | eo] =| ons | 
RAS pulse width |tras | s0| 10K] 60/ 10K] 7ol10K| sol 1oK[ ns | 
RASholdtime sf ts | a7] | 17] | ao] | oof | ns |, 
CAS hold time 































pulse width 


trop _| 20| 33{ 20 43| 20| 50| 20| 60| ns | 4 | 
RAS to column address delay time | ns _ 

[CAS toRASprechargetime _—Sss—stcrp | 5| | 5; | 5| | 5| | ns| | 
[Rowaddresssetuptime sss | tas | | | of | of | of | ns] 
[Row address holdtime _—=»——Ss tA | 10] _| 10] | 40] | 4o|_ | ns] 
Column address set-uptime _—=—s—s| tas | O| [Sal [30 


Column address hold time (3.3V 15 


Column address to RAS leadtime | taL_| 25| | go] | a5}. | ao] ns | 
Readcommandset-uptime | trcs | o| | of | of | of | 
[Read command hold time referencedtoCAS| tacH | o| | o| | o| | o 






~-. 
J 
> 
O 
anak, 
on 
a 
G 
es. 
A 
ol 
— 
13] 
s| 
Oo 










= 
[Read command holdtime referencedtoRAS| tRRH | o| | of | of | o| 
|Writecommandset-uptime. __—Ss——s | wes | o| | of | of | of | 
Write command hold time twcH | 101 | tol | io| | yo] 
|Writecommand pulse width Sst twp | tol | tof | to, | aol 
Write commandto RAS leadtime =| tawe | 13; | 15|_—| 15] | 20] ns 

[Write command to TAS leadtime =| rcwh | 8} | toy | 1s] | a0] ns | 


(*) : 50ns product : Vec=5V+5% 
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KM416C254B, KM416V254B | CMOS DRAM 


AC sh esl la eo Coles See note 1,2) 






r= = iT 
[Dataholdtime(sv) SCS | 8 || | to] | ts] | =| | ns | 9,20) 
[Dataholdtime(aav)——S~S~s =) | ts) ts) i) 
Refresh period (Normal) == REF | | 8] || Ss} S| sf S| ms | 
[Refresh period (L-ver) Ss SRE | | 128) | tae) | tae] | tae] ms | 
CAS to W delay time tcwo _| 34| | 36| | 44 44 | | 

raf eWetersng wo Ter Pool Te] for] fm tr 
Sete OP 
pene ney ame GN 69] [ns | 
[CAS set-up time (CAS-before-FAS reftesn) [rcsR_| | | s{ | sj | s| [ns | 16 | 
TAS hold time (CAS-before-BAS refresh) _|tCHR_| 10| | 10| | 10| | 10] | ns _| 1 
SioCASenetaneine neo st sf aT sf 
CAS precharge time (CBR counter test cycle) |tcpPT | 20| | 20| | a5] | a0] | ns__ 


Access time from CAS precharge tCPA | 28} | asl | aol 45 


oom ae et a ee 
Huge: Pane mode rae-modiuele ielesmesHPRING, 47. | $6 BLL a) ns 
CAS precharge time (Hyper page cycle tCP 15 
RAS pulse width (Hyper page cycle) ___‘(|tRASP_| 50 |100K! 60 |100k| 70 |100k| 80 100K] ns _ 


| fe peropinpae mpersaagaag eg 575 Ral _ 
take ae ee 


OE to data dela tOED 13 | fag] | 20 || 99) 


| Output buffer turn off delay time fromOE_|t0EZ_ | 3| 13, 3| 151 3) 20| 3| 20| ns | 6 
OE command hold time | tOEH i3|  |4is| | 201 | 20! 


ins | 
Output data hold time (BB 
wpez | 3{ 15, 3| 15, 3/| 20| 3| 20] ns | 613, 
twez | 3{ 131 3/ isl al aol 3] 20 
Windaiadoley.___._..Iwen isl [yal [oo [on] | mo 
Det cAShodime loch | s| | s| | 5] | 5] |ns_ 
[CASholdtimetoOE tc | 5] | | | 5) | | | ss | 
‘OE precharetime tem =| | | | | | ts || os | 
ouise with tener cana cred __lwee {s+ _1_s/_/s{ | _s} {as | 
RAS pulse width(C-B-A self refresh) tras _|100| {100} f100| too | | ws | 12 
RAS precharge time | HAS precharge time (C-B-B self refresh) _ refresh tRPS ines | ao [ovo fro 150 ns | 12 | 


AS hold tne C-BR seeesh) rons _[-s0/ | so] so] [50] [vs | 12 


(*) : 50ns product : Vec=5V+5% 
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KM416C254B, KM416V254B CMOS DRAM 


NOTES 7 
1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. _ 
2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vit(max) and are assumed to be 2ns for all inputs. 

. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as | 

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is _ 
controlled exclusively by tCAC. 

5. Assumes that tRCD2= tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Vou or VoL. | 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), | 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is spealtiéd as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 

11. tASC 2 6ns, Assume tT=2.0ns. 

12. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 
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KM416C254B, KM416V254B | CMOS DRAM 





13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS going. : | | 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge | 





18. tCSR is referenced to earlier C 
19. tCHR is referenced to the later 


falling low before RAS transition low. 
AS rising high after RAS transition low. 


RAS 


tCSR tCHR © 
20. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 


LCAS 









o 


O 
tDS ol bes tDH 
x Din) 


CY 


RO OO OY PPI III IPP PP PIII IP IOI PPP PIPPI IIOP OF POI FI OOOO 
3555S { Din } ESKOM K KKK KKK KKK KKK KKK RK KKK NY 
/S 


S550 COO OO OOo On8| 0500; 05 056-0° 050.0" 0°00" 0°0-0,0"0.0020-0° 0°00 00-0 O06 
DQ15 ORRRRRREREREERII SSI RRR KR RK KK RRR KK RRR RK RRR KK 
oe 
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KM418C256B | | CMOS DRAM 


256K x 18 Bit CMOS Dynamic RAM with Fast Page Mode 
| DESCRIPTION 


This is a family of 262,144 x 18 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumption (Normal 
or Low power) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in Low power version. 

This 256Kx18 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES ¢ Fast Page Mode operation 
¢ Part Identification ¢ 2 CAS Byte/Word Read/Write operation 
- KM418C256B/BL (5V, 512 Ref.) | ¢ CAS-before-RAS refresh capability 


e RAS-only and Hidden refresh capability 

¢ Self-refresh capability (L-ver only) 

¢ TTL compatible inputs and outputs 

e Early Write or output enable controlled write 

e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(Ii) packages 
¢ Triple +5V+10% power supply 


e Active Power Dissipation 
Unit :mW 


Active Power Dissipation _ 





FUNCTIONAL BLOCK DIAGRAM 


Vec 
Control ° Vss 















DQO 
to 























Refresh Timer Lower Das 
| ST, Data out 
¢ Performance range Refresh Control Buffer 
—tRAC | tCAC 1. tRC | Refresh Counter 262,144 x 18 
| -6 | 60ns | 15ns_ | 110ns | 40ns _| Cells Das 





| »|Row Address Buffer 


iL Col. Address Buffer 


to 
DQ17 


| -7_ | 70ns_| 20ns_| 130ns | 46ns_ 
| -8 | ons | 20ns_| 150ns | 50ns_| 





Column Decoder 





SAMSUNG ELECTRONIC CO., LTD. reserves the right to 
change products and specifications without notice. 
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CMOS DRAM 





¢ KM418C256BJ 





(SOu) 


PIN CONFIGURATION (Top Views) 


e KM418C256BT 


(TSOP(il)-Forward Type) 










ej —_Pin Funetion _ 

Data In/Out 

Pv | Grund 
RAS Row Address Strobe 

LCAS 







Cc 












[W | ReadMrite input 


e KM418C256BTR 


(TSOP(Il)-Reverse Type) 








am . 
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KM418C256B | CMOS DRAM 


(itd bedetallde MAXIMUM diated 





_Parameter_ 


er en ee 
otge on Ve sup veo ea [ver to war |v 
|. Storage Temperature | Tstg | 85 toHt50 | 
[Power Dissipation _——~S~d Stir T tT 
| Shor Circuit OutputCurent | os Sm 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional! operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. : 










RECOMMENDED OPERATING eee ivoltages referenced to Vss, Ta= 0 to 70 °C) 


Parameter  . oe obo Mag Unt | 
a ee ee 


)Ground | es P| 
input High Voltage Ss Re ee Ee 
Input Low Voltage poe 


*1 : Voc+2.0V/20ns, Pulse width is measured at Vcc. 
*2 : -2.0V/20ns, Pulse width is measured at Vss. 





DC AND OPERATING CHARACTERISTICS 


ee al conditions unless otherwise noted. .) 


_ Parameter 


inp = curred ven input O<VineVoo+0. 5V, 7 re 
(Any input O<VinsVcc+0.5V, all other pins not under test=OV) 


Output Leakage Current low) 

(Data out is disabled, OV<Vout<Vcc) 

Output High Voltage Level (loH=-5mA) Det oe eed vamos) 

Output Low Voltage Level (lo.=4.2mA) ch a Te 








AMSUN Ge | ) 140 


ELECTRONICS 
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DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 






Don't care 


ie 
Icc3 Don't care 85 mA 
. 80 mA 
60 mA 
loca Don't care mA 
Normal 
locs Don't care 


Icce Don't care 


ee Dont are ro 


Icc1* : Operating current (RAS , UCAS, LCAS , Address cycling @tRC=min.) 

lcc2 : Standby current (RAS=UCAS=LCAS =W=Vu ) 

Iccs* : RAS-only refresh current (UCAS=LCAS=Vin, RAS , Address cycling @tRC=min.) 

lcca* : Fast Page Mode current (RAS=ViL, UCAS or LCAS, Address cycling @tPC=min.) 

lccs : Standby current (RAS=UCAS=LCAS =W=Vcc-0.2V) 

icce* : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min,) 

lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS,LCAS= 0.2V 


Din = Don't care, Trc= 125s, TRas=TRasmin~300 ns 

















85 








iccs : Self refresh current | 
~RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A8 = Vec-0.2V_ or 0.2V, 
DQO ~ DQ17= Vcc-0.2V, 0.2V or open 


* NOTE : Icc1, Icca, lcca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In tcc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, address can be 
changed maximum once within one fast page mode cycle time tPC. 


FLECTRONICS ; : 








KM418C256B | CMOS DRAM 


| CAPACITANCE (Tr=25°C, Voo=BV, MHz) | 







Parameter 


oor la Ca ES — 
| Inputcapacitance (RAS, UCASCAS,W,OE] | Cre | - | 7 | oF 
"oust epectare 960-0047) | oe | 


AC CHARACTERISTICS (O0°C<Tas<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vil=2. ghee 8V, von =2.4/0.4V 


wo fetta om [om 
faaicatemepetms — we] [Te |= 
So a a 
AccesstimefromRAS | tC || 60] | 70] | 80 

a ee so Se ae ese ae ae 
Access time from column address | ta || 30] | 351 | 40] ns | 310_ 
TAS tooutputinLowZ | tciz_ | of | of | of ts | 
JOutput buffertun-off delay | OFF | | 15] 0] 15] 0} 15] ns | 7 
Transition time (rise andfal) =| str || 0] 3] 50} 3] so] ns | 2 
RAS prechargetime | tw | 40 | 50] | eo] | ts | 
RAS pulsewidth S| tS | 60 | 10K | ol 10K] sol roK| ns | | 
RAS hold time ptasH | is] | ao] [| aol = { ns | 
CASholdtime Ss tc | co] | vol | eof | ns | 
AS pulse width _tcas | 15] tox} 20| 10K] 20] 10K] ns | 
R a ee 
RA 





"Parameter ee 





OO 


to TAS delay time | trcp | 20| 45| 20 


_ [RAS | 20| 60! 4 
RAS tocolumn address delay time __—(|_ trap | 15| 30| 15| 35| 15] 40| ns | 10 | 
CAS to RAS precharge time. tCRP - =~ ae | ons || 
msrp | of [ of [| of | ns | | 
traH_ | to] | 10| | w| | ns | _ 
msc | of -| of | of | ns | | 
[Columnaddress holdtime _—s——s|stcad_ ~—| to] =| ts] | as] Tons [| 
raL_|-30| | 35| | ao] | ns | 
rcs | of | of | o| | ns | 
Rend sommanaholdtime eterenced.o ORS CH {| 0; _/_of_} oj _{ _ns_{ a _ 

eticonmand nd tne feereeso S| nad [0 a ae ee 

ee ee ee 
Write commandholdtime ___—=————|_twon | tol | tol | ol | 
Write command pulse width we | iol | {| | tl | 
- |Write commandto RAS leadtime | tawe_| 15| | a5| | ao] 


DI 
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KM418C256B | CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 


eens mt am 


ee —— errr no 
Heres pevogiNemey EF 
fie et net | 
tCWD 
tRWD | 85 oie eee ns 
two | ss {| | | | | | as 
TAS precharge toWdelaytime _—s——s|_tcpwo | eo | | 65] | | | | 
CAS set-up time (CAS-before-RAS refresh tCSR 5 a re ae 5 | tons | 
| CAS hold time (CAS-before-RAS refresh) | tcHR | 10] | 10; | 10/ | ns | | 
—|RAStoCAS prechargetime Ss -———s|stRpc SO] 5 | | | | | | ns | 
TKS precharge time(CBR countertestaycle) |_icpT | 20 | | 2 | | | | ns | 
‘Access time from CAS precharge S| ~tCPA | | a5} | ao] | as} |_| 
Fast Page mode cycle time | wo | ao | | as | | oo] | ns | 
Fast Page mode read-modify-write cycle time aprwoe | es | | 95 | [105 | | ons |” 
CAS precharge time (Fast page cycle tCP 10 iol [1] [ons] | 
RAS pulse width (Fast page cycle) __—'|_-tRASP_| 60 | 100K| 70 | 100K| 80 |100k| ns |_| 
[BAS holdtime from CAS precharge | taHcP | 35) | 40] | as | | ns | 
OE access time tOEA ee eee eee 
OE to data dela | oco | ts] | aol | a] | ns | 
Out put buffer turn off delay time from OE | _toez | o| 15| 0} 20| o| ao ns| | 
OE command hold time tOEH 15 i 20 20 fn | | 
ixSousewian-2 eefceiman. —__{_anass [soo [ [ooo { [roo [fa Fat 
RAS precharge time (C-B-R self refresh) | taps | 110 | _|130 | | 50 | | sns | 
CAS hold time (C-B-R self refresh 8s) tet 





Di 
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NOTES 

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vix(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads.and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | 

5. Assumes that tRCD2 tRCD(max). | 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Von or VoL. - 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2> tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD= tRWD(min) and taWD2> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. | | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


KM418C256B/BL Truth Table 









Byte Write | 


[oan | Worswite 





i-Z 
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KM418C256B | CMOS DRAM 





11. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet 
refresh specification (L-version). 

12. tASC, tCAH are referenced to the earlier CAS falling edge. 

13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. | | 

14. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tCWL is specified from W falling edge to the earlier CAS rising edge 


LCAS 


UCAS —— 


QBBDDBS3BSBA3X 550505 OSD BBBBBABAA< oes eeeatetaletetetetetetetetetete’ 
Cx 


setetoteeatetete ME 10% x SBE SAS 
ADD. SORES 55M tte PRS 5555555555555 5595555555555 


Se 


16. tCSR is referenced to earlier CAS falling low before RAS transition low. 
17. tCHR is referenced to the later CAS rising high after RAS transition low. 





= 


RA 


UCAS \ sy 


tCSR tCHR 
18. tDS, tDH is independently specified for lower byte Din (O~8), upper byte Din(9~17). 
LCAS 


UCAS 
tDS 





DQO~ SOROIORICIOLIOL) FS NS Wf NS af WS el’ of af Of of ef OP OS Of Sl ON ae SONORAN OO OOOO NO ND OO PP PDS NLS he 
£55525 0505558 r Din 3 EMR KKK KIN 8059255050555 05.09.0525. 25. 25 2525.29.25 25. 2505.25. 0525. 2505.5 2K RS 


QB — LRARLLLOOIA SOS IH 


tosje! leaftoH 
DQ9~ AAADADAAAAAL AAAS 


CKO KOO OOOO F Din EKKO KOK IKI KIKI KIO OS IOIOM CIO OOIOOOK 
DQ17 PRR OOOO III SORE RK RRR RK RR KERR RK 


a~ 


= 
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16M DRAM 
KM41C16000A oF 
KM41V16000A 
KM41C16002A 
KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A 
KM44C4002A 
KM44C4102A 
KM44C4003A 
KM44C4103A 
KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 
KM44C4010A — 
KM44C4110A 
KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A 
KM48C2004A, KM48C2104A 
 KM48V2004A, KM48V2104A 
KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A 
KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 
KM432V502 | | 
KM432V522 


KM432V504 
KM432V524 


sil 


KM41C16000A, KM41V16000A CMOS DRAM 


16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time(-5, 
-6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package type(SOJ or 
TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only 
refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version. 

This 16Mx1 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer and microcomputer. 


FEATURES | . Fast Page Mode operation 
s'Par ldentiication ¢ CAS-before-RAS refresh capability 
- KM41C16000A/AL/ASL (5V, 4K Ref.) = ¢ RAS-only and Hidden refresh capability 


- KM41V16000A/AL/ASL (3.3V, 4K Ref.) ¢ Self-refresh capability(L & SL-ver) 
: e Fast parallel test mode capability 
e TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

* Active Power Dissipation == nit: mw Early Write or output enable controlled write 

e JEDEC Standard pinout | 

¢ Available in Plastic SOJ and TSOP(Il) packages 

e Single +5V+10% power supply(5V product) 

¢ Single: +3.3V+0.3V power supply(3.3V product) 





¢ Refresh cycles . FUNCTIONAL BLOCK DIAGRAM 


Part ‘Vec Refresh 2 Refresh period 
NO. | ~~ | cycle Voc 
Control Wee 











V 






































V16000A) 3.3V | Ww 
peri ee 
peers © euuet 
¢ Performance range: ‘ : - 
; emory Array | wo 
tRAC | tCAC 16,777,216x 1 | E i 
[5 | S0ns[1ans | 90ns] dens | SV Only cae Te 
[-6_| Bons [ns [170ns] 40ns | SV78.3V ses Br 3] |, [oso 
aia ou 
7 Q 
[-7_| 7ons | 20ns |130ns| 45ns | SV/BSV] A0-A1 


[-8 | 80ns [20ns [750ns] S0ns | 6V8.BV 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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_ KM41C16000A, KM41V16000A_ SCM: DRAM 


PIN CONFIGURATION (Top Views) 


© KM41C/V16000A0 6 KM41C/V16000AT * KM41C/V16000ATR 








J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP Ii(Rev.) 


* KM41C/V16000AK — * KM41C/V16000AS. © KM41C/V16000ASR 





K: 300 mil24(26) SOU S : 300 mil 24(26) TSOP II SR : 300 mil 24(26) TSOP li(Rev.) 







| AO-A1t Address Inputs 


TD | Detain 
(a daaot SCS 
= 
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KM41C16000A, KM41V16000A—t#*” _. CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS _. 





ee ee 
ee ee ee 
[Storage Temperature _—=S=S«|~—Tatg | ~-85 0160 | SS wvi50 | °C 
[Power Dissipation ———SSC*d SP] StS] 
[Shor Circuit Output Guret if sf 80 * 80 —«Y ma 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 














RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Tas ¢ 0 to > 70 0 °C) 






< 





ee eae eee ae ee 
Ground a 

‘input igh Vonage | vw} 20]. [vena] a4 [= | veost Tv 
|InputLow Voltage | Vu | -0397 | - | o8 | 10% | - | 08 | v 


*1 : Vcc + 1.3V/15ns(3.3V), Voc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 


EP 





< 





< 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions uniess otherwise noted.) 






| Tea: ee Ciireat re iapatt O<Vin<Veo+0. 3V, 
all other pins not under test=0 volt.) 


Output Leakage Current lou) 5 

(Data out is disabled, OV<VoutsVcc) 

Output High Voitage Level(loH=-2mA) ape toa 
Output Low Voltage Level(lo.=2mA) <_<" ee 


Input Leakage Current (Any input O<VinsVcc+0.5V, li) 
all other pins not under test=0 volt.) : 










Output Leakage Current = i 
ov (Data out is disabled, OV<VoursVec) (Ly 


Output High Voltage Level(loH=-5mA) San a a 
Output Low Vottage Level(oux42ma)—~+|| va [| - | oa | v~ 


PSams ELECTRONICS | = ee 
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KM41C16000A, KM41V16000A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


Normal : 
a 


Don't care 


Normal 
L 
SL 


Don't care 
eiaat— oe te 1 


Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 
Icce : Standby Current (RAS=CAS=W=Vu ) 
lcca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
lcca* : Fast Page Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) _ 
lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 
Din = Don't care, TRc= 31.25us(L-ver), 62.5us(SL-ver), TRas=TRAsmin~300 ns 
Iccs : Self Refresh Current = 
RAS=CAS=0.2V, W=A0 ~ A11 = Vec-0.2V or 0.2V, D,Q= Voc-0.2V, 0.2V or Open 





*NOTE :  Icc1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 
| are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VIiL. In Icc4, address can be 

changed maximum once within one fast page mode cycle time tPC. 


ex” 7 me 
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KM41C16000A, KM41V16000A | ‘CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


-- Parameter 


Input capacitance [D 

Input capacitance [AO - A11] 

Input capacitance [RAS, CAS, W] 
Output Capacitance [Q] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Vol =2.4/0.4V 
















Parameter : 


aiomresd orwniscyclo une’. .-. [ace 4) 90. 
‘Read-modify-wrte cycletime | tawe 110} 130) [158] liz] | ns | __, 


Access timefromRAS tC || 80 | | Go| | 70] | 60 | ns 134,10 
Access timefromcAS tcc || 13 || 5 | | 20] | 20 | ns | 3.45) 





|| 150] 





ns 
torr | o | 13 | 0 | 15/0 | 20| o | 20 | ns | 
t | 3isolsa | 50/3 | 50] 3] 50 | ns | 
[RAS prechargetime ssf tp | 30| | ao] jso| eo} | ns 
tras | 50 | 10K| 60 | 10K| 70 | 10K| a0 | 10K |_ns_ 
RASholdtime Sst ts | tz| is] [ao] fo] | ns 
[CASholdtime st tos | | feo || | aol | ns 
tcas_| 13 | 10K | 15 | 10k] 20 | 10K | 20 | 10K |_ns_ 
taco _| 20 | 37 | 20 | 45 | 20 | 50 | 20| 60 | ns | 
A 

A 

OQ 


wa | |25| | a0] | 35] {40 | ns | 3.10 
Poets 0; ero gy. | 


O 






rad | 15| 25 | 15 | 30 | 45 | 35 | 15 | 40 | ns 
rp | 5{ [5 {| is} [sl] | ns | 


wash | o| [ol] lo] Jo} | ns_ 






ae 

A 

RAH | to| [io] iol [iol [| ns | | 

msc | o| [ol tol] lol |ns| | 

aH | to] io] [1s] fis} | ns | 

wR | 40] j45|  [ss| [eo] | ns | 15 | 
fe A 


ma | 25] |a0/ |a5{ | aol | ns | | 
Fo Oi] S| gal ipa 
wcH | o| lo | Jol Jol | ns] e | 
pH | of fol] lol Jo} | ns] 
Polio | tis] tas] | ns | 
f4o| fas | [ss] [eo] | ns | 15 
tol Jao} jis} Jis| | ns | 
| tao} tool | ns | 
20] lool [ns | 


ss 
n 







— 
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Write command hold time 
Write command pulse width 
Write command to RAS lead time 
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bab) 
— 
[ok 
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oO 
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(qa) 
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Write command to CAS lead time 
Note) *1 : 5V only 
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-KM41C16000A, KM41V16000A CMOS DRAM 
ACCHARACTERISTICS (Continuecc) ee 



























Pa tes 
Datasetuptime —»-S§ss—s sts Sf of =f o | fo] Cfo] ds foo | 
Dataholdtime == StH ft | to] ts] tts] fs fo | 
Data hold tine rterneed io RAS _wOih_f40-|__1.45 1 __s5}___4.00} __| m8. 
Refresh period Normal) _——=——=«tREF | | 64 | | oa | | o¢ | | 64 | ms] 
rots pono) fae ff te ea 
Refresh period(SL ver) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 


wrer_| | 266] | 256 | | 256 | | 256 | ms | 
jes [o[ jo} Jol jo} [ns ]7 | 
rowo |13| fas] tao] fo] ins | 7 

~Itrwo [so [leo [ [7| | e0| |» | 7 
omen tae es eal at ie 
CAS prechargetoWdelaytime _—|tcpwo| 30] jas | 40} fas | ns | 
AS soap ine CAFbetwe OS aieen ose [s {1s —[s]--1s] tm] 
CAS hold time (CAS-before-RAS refresh) [tcuR [10 |  |1o| tts] ts | ins | 
FAS toCASprechargetime = stmPo | 5 | [5s] [s{  [s| [ns [| 
CAS precharge time(CBR countertestcycle)|tcetT_|20| |20| [30] | ao] ins | 
Access time from CAS precharge = tcpA_| | 30 | | 35 | | 40 | | 45 [ns | 3 | 
Fast agemode qe tine a 889 8 8) 

70 


CAS precharge time (Fast page cycle) |tcp__| 10 | 

FES pte wih ates) aS | 5 ex ar | | sok |r 
RAS hold time from CAS precharge _—[tRHCP | 30 | [a5 | ao] fas | i ns | 
Write command set-up time(Test mode in) |twrs |1o| lio] fro} tao ft ns | at 
Write command hold time(Test mode in) __|twrH |10| |1o| fio] | to} ins at 
ol fil {rol [ns | 
WtoFASholdtime(-BR refresh) twa |10| |io| jo] | to} ins | 
BAS pulse width(C-B-F seff refresh) _—‘[tRass |100| _|100| __—|oo|_—fto|_ us | 44 
FES pecherge tine (C2 saf eteat) [taps _| 90 | —|io —faol [gol m= [14 
CAS holdtime C-B-Rseltrefresh) [ics [sol [sol |-sol sol [ns [v4 


ca 1 OV a 


Qi a 



















KM41C16000A, KM41V16000A CMOS DRAM 


TEST MODE CYCLE 


More. 11) 








“Paraimetor 


Symbol wan] Max [in] Max_|Min[ Max [Min] mM 3 
a El 
Read-modity.write cycietime | twee (198 reo] tg] [ato] ns | 
[AccesstimefromRAS tr || 85 | | os || 75 | | 85 | ns [341d 
AccesstimefromCAS st tcc | | 18 | | 20 || 25 || 25 | ns | 45 
Access time fromcolumn address | tA | | 30 | | 35 | | ao | | 45 | ns | 3.10 
RAS pulsewidth =| tS | 85 | 10K [65] 10k | 75] 10K |@5| 10K | ns |_| 
TAS pulsewidth | tS | 18) 10K | 20] 10K | 25] 10K | 25| 10K | ns | 
FAS hold time jtmsH | 18} [ao] fas} fast | ns | 
CASholdtime st tH 85] fos] 75] tes} ns | 


Column address to HAS leadtime =| RAL |.90| fas] fo} jas] | ns | 
CAStoWdelaytime st town | 18| fo] fas] tas] | ns | 7 


RAS toWdelaytime fipwo|s5| ies] vs} ies} | ns | 7 | 


Column address toWdelaytime | tawo | 30} as} ao} fas) | ns | 7 | 
Fast Peoe mode qveletime _| wec_| f45| iso] ss} | ns 

fener gn 7 a i TPR 
FAS pulse width (Fast page cycle) __| tRASP| 55 | 200K | 65| 200k | 75 | 200K | @5 | 200K | ns |_| 
nena ponr pooh ag FoR IE p35 | | a | [as | | so tos | a 

























Note) *1: 5V reny 
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KM41C16000A, KM41V16000A | | | CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. | 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). | 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive ree parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2>tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is seiaved by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode eyeres by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) defines the time at which the output achieves the open circuit condition and are not 
referenced to output voltage level. 

14, 4096 cycles of burst refresh must be executed within 16ms before and after self refresh, in order to 
meet refresh specification. 

15. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM41C16002A | | - CMOS DRAM 


16M x 1Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 16,777,216 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers 
high speed random access of memory cells within the same row. Access time(-5, -6, -7 or -8) and package 
type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 16Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. it may be used as main memory unit for high level computer and 
high performance microprocessor. systems. _ 





FEATURES 
¢ Part Identification _ ° Static Column Mode operation 
- KM41C16002A(5V, 4K Ref.) e CS-before-RAS refresh capability 
| e RAS-only and Hidden refresh capability 
e Fast parallel test mode capability 
* Active Power Dissipation : e TTL compatible inputs and outputs 


Unit : mW ¢ Early Write or Output enable controlled write 


i a ee 


e Available in Plastic SOJ and TSOP(Il) packages 
¢ Single +5V+10% power supply 
| BH 






¢ Refresh cycles 
cycle é 


¢ Performance range: 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks VBB Generator 


Refresh Timer 






Vcc 
Vss 


2Qz 

















‘Data in 
Buffer 














TAC _ 
r 






Data out Q 
Buffer 






Row Address Buffer 


[<7 | Tons | 20ns | 130ns | 40ns | 
[-8 | ons | 20ns | 150ns | 45ns_ 











[i 





Column Decoder 


Col. Address Buffer 





SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM41C16002A tt Se : CMOS DRAM 


PIN CONFIGURATION (Top Views) a 
* KM41C16002AJ ¢ KM41C16002AT ¢KM41C16002ATR 





J: 400 mil 24(28) SOJ T:400 mil24(28) TSOP 1 -—- TR: 400 mil 24(28) TSOP II(Rev.) 


° KM41C16002AK © KM41016002AS * KM41C16002ASR 





_ SR : 300 mil 24(26) TSOP II(Rev.) 


Po 
a 


Ground 


- Row Address Strobe 


Chip select input 


wren Read/Write put 
| Power(+5.0V) 2) 
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KM41C16002A, ——CSCSCSCSCCCC__CCMOSS DRAM 





| Rating 


-1 to +7.0 
-1 to +7.0° 
-55 to +150 


Short circuit output current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
‘this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 7 | 








RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Supply votage | ___Veo_ | as a 
[Ground] | Ey eae 





[input high vottage [Vm | ean | 
*1 : Voc+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2: -2.0V at pulse width < 20ns (pulse width is measured at Vss) 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 















Input leakage current (Any input O<VinsVec+0.5V | ln -5 5 uA 
all other pins not under test=0 volts.) : | 
Output leakage current i 
(Data out is disabled, OV<VoutsVcc) 
Output high voltage level(loH=-5mA) 
Output low voltage level(lo.=4.2mA) | vo | - | 04 | Vv 












ELECTRONICS | | oes _ 


KM41C16002A | CMOS DRAM 


DC AND LOPE vine CHARACTERISTICS cove) 





Icc1 *: Operating current (RAS andCS cycling @tRC=min.) 


lcce : Standby current (RAS=CS=W=Vu ) 

Icc3 *: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Static Column Mode current (RAS=Vit, CS, Address cycling @tSC=min.) 
lccs : Standby current (RAS=CS=W=Vcc-0.2V) 


Icce *: CS-before-RAS refresh current (RAS and CS cycling. @tRC=min.) 


*NOTE :_ Icc1, Iccs, Ilcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icci , Icc3 
and Icce, address can be changed maximum once while RAS=Vi. In Iccs, address can be 

~ changed maximum once within one Static Column mode cycle time tSC. 
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KM41C16002A | CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V , f=1MHz) 


Parameter 


Input capacitance [RAS, CS, W, OE] 
Output Capacitance [DQ0 - DQ3] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vih/Vil = 2.4/0.8V, Voh/Vol = 2.4/0.4V 









Parameter sy 


Random read or write cycle time cack Sea 
Read-modify-write cycle time ce Cae ae ae i 
Access time from RAS rimac | [50] | 60| | 70} | 00 | ne |3410 
Access time from CS jtcac | [13] | t5{ | 20] | 20 | ns | 3.4.5) 
Access time from column address tan | ff 25] | 30] | 35] | 40 | ns | 3,10) 
CS to output in Low-Z taz |o}| [o} fo} fol] | rs} 3 | 
Output buffer turn-off delay from CS /torF | 0 | 13/0] 15] 0] 20] 0] 20] ns | 6 | 
Transition time (rise and fall) rit | 3]/50/3 | 50|3] 50/3] 50 | ns | 2 | 
RAS precharge time _ jtrp_ | 30] [40] [so]. {eo| | ms| | 
{RAS pulse width |tRaS | 50|10K| 60 |10K| 70 |10K| gol toK | ns | | 
RAS holdtime jwrsH_ | 13} | 15/ | 20] | ao) | ns 
CS hold time road [asl toot doo wo) oe 
CS pulse width ne eed 
RAS to CS delay time 20 ol 6o | ns | 4 
BAS to column address delay time Paap ae ed olce | aae a e e 
CS to RAS precharge time evel fet (el ia) ta 
Row address set-up time — , [usa | ol fo] Jo} fol [ns] | 
Row address hold time ptRAH | 10! [to] |io} lio} | ns] 
Column address set-up time Se ee 
Column address hold time ftcaH_ | 10] [io] [15] | 45! 
Column address hold time I ee eR a ta 
Column address to RAS lead time Ptrpac_ | 25] [30] [as] [ao] [ns _| 
Read command set-up time mos {of tot {ot to} jm} 
Read command hold time referenced to CS PtacH | o| | 0] fo} [o| | ns | 8. 
Read command hold time referenced to RAS feeepef tet tet fat Pa 
Write command hold time sao ee 
Write command hold time referenced to RAS | tWCR a ee 
Write command pulse width tWP 10 } as ons | 
Write com mand to RAS lead time Prnwe fis! lis {| |20| [oo] | ns _ 
Write command to CS lead time iow. | 13| [a5 | f20; |oo} | ns |__| 
js [ol jo] jo} fol fas] a_ 































ss 
rs 


















Data set-up time 


<x 
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AC CHARACTERISTICS (Continued) 

















tH | t0/ | 10 | j15[ [ns [9 

HR | 40]  |45{ ss} feo] ins | 14 

wer | | 64 | | 6a | | 64 | | 64 [ms| | 
Fe a A se 


7 





Data hold time referenced to RAS 
Refresh period 








Write command set-up time 


| fins | 7 
TS to W delay time _ ___|rwo |i3|tis{|teol sf 20] ins J 7 
RAS to W delay time tRWD 's0{ feo| |7o/ ~ {8o{ [ns | 7 | 
Column address to W delay time tawo |25/  |30/ (35! jaol [ns [7 | 
CE set-up time (CS-before-RAS refresh) |tcsa_| 5] [5 | [5s] |s|  |ns{| | 
CS hold time CS-before-RAS refresh) _—_—[tcHR_| 10{ |1o| [10] fo] srs | 
RAS toCSprechagetime —s——stRPC | 5] [5 | [5] {5 ] ns | 
CS precharge time(C-B-R counter testcycle)|tcpT | 20] |20| 30; | 30{ ns | | 
Static Column modecycletime = (tsc_— | 30] jas] [aol as] ins 
Static Column mode read-modify-write cycietime |tsawc] s3| _|eo| _—j7o|_ _—s | so| sf ns | 
Access time fromlast write = ftaLw | | 50 |_| 55 | | 65 | | 75 [ns | 3,11) 
Output data holdtime from column address |taoH | 5 |  |5 |  |s5{/  |[s5| ./ns| | 
Output data enabletimefromW stow | | a5 | | ao | | 45 | | 55 [ns | | 
CS precharge time (Static Column cycle) _|tcp__|1o| {io| _{so| _—{ro] ins | | 
RAS pulse width (Static Column cycle) _|tRASC | 50 |200K| 60 |200K|70| 200K | 80| took | ns | | 
CS pulth width (Static Columncycle) _|tcsc_| 13 |200k| 15 [200k | 20 | 200K | 20 | 200K | ns 
Column address hold time referenced to FAS risingltaH | 5 | 15 | |s{/  |[s| 
Last write to column address delay time _[tLwad| 20 | 25 |20| 25 |25| 30 |25| 35 | ns | 
Last write tocolumn address holdtime _|tanew|so| _{ss|_——fes| | 75| | ns 
Writecommandinactivetime twit to} tao] trot =~ tof ns | 
Write address hold time referencedtoRAS |tawa | 4o| [asi iss| ft eo| | ns _| 
Write command set-up time(Test mode in wts 110} |10| {10} —|40| [ns |. | 
Write command hold time(Test mode in wry [iol {iol  _|iol  —{10| sins |_| 
W to RAS precharge time(C-B-Rrefresh) |twre |i0|  _{10/ {iol ~~ 10) ns | 
WtoFAS holdtimeC-BF refresh) tw” | 10| | 10] fo] fo] ins | 






0 | 
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KM41C16002A CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 







Parameter 


: yenPet| in| Max [Mtn] tax [ain] 
ee eee ne ee 
Sse immammaad 3 A OS RR ES 
fAccesstinetromAAS «RAC | | | | | | | | 88 | ns faa 
AccesstimefromeS | CAC | | 18 | | 20 || 25 || 25 | ns | 3.45 
[Access time from column address | taA_| | 30 | | 35 | | 40 | | 45 | ns | 3,10 
85| 10K | ns _ 
CS pulse width tts 18] 10K 10K | 25 aa 
RAS holdtime RSH | 20) 20] 25 | 
ee ee te 


See ae es a 7 
1a] fao| tas} fas] | ns | 7 


RAS to W delay time | s5| es) i7s| as} | ns | 7 


Column address toWdelaytime | tawo | 30| jas] ao} as} | ns | 7 | 
Saiecoumnodeaceine ——[sc_ss] [aol [as Teo) fag 


State Column mode eac-moaiyrtecietine | SAW! 68| |es| [75/ | es| ns 
Baad Ste Cae) {WAS 65 | 20% [zo | [zoos oc me | 


miw | | 55 7o | | 80 | ns | 344] 






























Access time form last write 
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KM41C16002A CMOS DRAM 





NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. | 

2. Vin(min) and Vit(max) are reference leveis for measuring timing of input signals. Transition times are 
measured between Vin(min) and ViL(max) and are assumed to be 5ns for all inputs. 

_ 3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the auto achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 

data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 

and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAaWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 

Output will contain the data read from the selected address. If neither of the above conditions is 

satisfied, the condition of the data out is indeterminate. | 

Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
are ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | | | 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2 2ns to.5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) defines the time at which the output achieves the open circuit condition and are not 

_ referenced to output voltage level. 
14. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A CMOS DRAM 





4M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or 
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family 
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh 
operation is available in L & SL version. 

This 4Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high level computer, microcomputer and personal computer. 


FEATURES ¢ Fast Page Mode operation 

¢ Part Identification | ¢ CAS-before-RAS refresh capability 
- KM44C4000A/AL/ASL (5V, 4K Ref.) e RAS-only and Hidden refresh capability 
- KM44C4100A/AL/ASL (5V, 2K Ref.) ° Self-refresh capability(L & SL - ver) 


- KM44V4000A/AL/ASL (3.3V, 4K Ref.) 
- KM44V4100A/AL/ASL (3.3V, 2K Ref.) 


« Active Power Dissipation 


e Fast parallel test mode capability 
e TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
Unit : mW _ e Early Write or output enable controlled write 
eee e JEDEC Standard pinout 
e Available in Plastic SOJ and TSOP(Il) packages — 
¢ Single +5V+10% power supply(5V product) 
e Single +3.3V+0.3V power supply(3.3V product) 





FUNCTIONAL BLOCK DIAGRAM 










Refresh Timer 
le ee 
Refresh Control 



















en ee paras Memory Array DQO 
sh es Bd Remark Refresh Counter 4,194,304 x 4 to 
r <6 | S0ns_| 13ns | sons] 3sne [SV Only cat 00s 





[6 | 60ns | téns [110s] 40ns | SVIS.3V_ 
[-7_| 7ons [20ns [130s] 46ns | 6V/3.3V_ 
[8 _| 80ns | 20ns [150ns] 60ns [5V8.3V | 






Data out 
Buffer 







AO~A11 TS iRow Address Buffer! 
(AO ~A10)*1 

~ 
(AO ~A10)*1 


Note) “1 : 2K Refresh 


OE 


Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4000A, KM44C4100A | 
~KM44V4000A, KM44V4100A 3 CMOS DRAM 


PIN CONFIGURATION (Top Views) 
¢ KM44C/V40(1)00AJ ° KM44C/V40(1)00AT ¢ KM44C/V40(1)00ATR - 





J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 


¢ KM44C/V40(1)00AK | ¢ KM44C/V40(1)00AS * KM44C/V40(1)00ASR 





~ K: 300 mil 24(26) SOU S : 300 mil 24(26) TSOP Il SR : 300 mil 24(26) TSOP II(Rev.) 
* A11 is N.C for KM44C/V4100A(5V/3.3V, 2K Ref. product) © 






Pin enn PinFunction  —__ 





Data In/Out 


Cvss__ | Ground 
a 
rE 









. Power(+5.0V) 
~ Power(+3.3V) © 


No Connection(2K Refresh) 


ean a 
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KM44C4000A, KM44C4100A _ _ 
KM44V4000A, KM44V4100A 7 CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 







"Parameter 


Ete ae ee 
- vokage on Vez supply lave oes Vor | 08 we | 1 wa70 |v 
"PowerDissipation ——=~S~—rCSC‘i TSC 
[Short Creu Output Curent «| ike «| ~OS«dSCSCiS*dYC 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 








RECOMMENDED Oreo wos SOneons (Votages referenced to Vss, Ta= 0 to 70 2 | 


Ground 


a eT 
et a te 


ie nal ae 
pu tignvotage |v _[ 20 | [vonos] a6 [=| veers v 
inputLow Votlage | ve | 037] - | 08 


*1 :Vec + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 





DC AND OPERATING ba ld idl pedicel isa eae eongnlons Y unless otherwise noted. ) 









Parameter _ | Max : jae 


Input eakage Current (Any input 0 O<VineVoo+0. 3V, he 25 

all other pins not under test=0 volt.) 

Output Leakage Current is . F 

(Data out is disabled, OV<VouT<Vcc) “ : 

Output High Voltage Level(loH=-2mA) -ioem tle eat esse ft 

Output Low Voltage Level(lo.=2mA) = Eee oe ee 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, lu) we 5 WA 
all other pins not under test=0 volt.) | 
Output Leakage Current P 
(Data out is disabled, ant cel ae cg ; 
Output | Output High Voltage Level(loH=-5mA) Voltage Level(loH=-5mA) ere 
Output Low Voltage Level(lou=4.2mA) ae eee 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A__ | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 











Icc1 Don't care 
80 mA 
Normal ; 


Don't care 






Icc3 


| | — 
Iccs Don't care 0 
= 200 00 200° 200. 





- - 90 110 
| P 80 be 80 es 
Icce Don't care 70 70 





: 400 450 400 yA 
stiles te be pete pA 
[loos | ust_| Dont care ee ee 


Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 

Icc2 : Standby Current (RAS=CAS=W=vVmu ) 

Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

lcc4* : Fast Page Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 

Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) | 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V 
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-vef), 125y1s(2K/SL-ver) : 
-Tras=Trasmin~300 ns 





lccs : Self Refresh Current 
=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQ0 ~ DQ3= Vcc-0.2V, 0.2V or Open 


* NOTE : Icct, Iicc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
_ are obtained with the output open. Icc is specified as an average current. In.Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=ViI. In Icca, address can be 

_ changed maximum once within one fast page mode cycle time tPC. 


os? 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A | | CMOS DRAM 
| epreer ANGE aac) Voo=5V or 3.3V, f=1MHz) oo | 


- Parameter 
pacitance [AO - A11 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQ0O - DQ3] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vot =2.4/0.4V 
Test condition(3.3V device) : Vec=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Voi =2.0/0.8V 








CY 
|Read-modify-write cycletime | tRWC |133/ —(155| [185] fa0s| | ons | 
Aecess tne fom FES [ac | [| Leo [ml [ep lea 
AccesstimefromcAS “ssf tcc | 13] | ts || | 20 | | 20 | ns | 34,5 
Sees ermvernasiies ak |e ana 
[TAS tooutputinLowzZ ss“ sf tctz@ | O| fo | {o}| Jol} | ms] 3 | 
[Output butfertum-offdelay —s—s«| tOFF | 0 | 13/0 | 15/0 | 20| 0 | 20 | ns | 6 | 
[Transition time (riseandfal) =| tT ~—s| 3 | 50] 3 | 50/3 | 50] 3| 50 | ns | 2 
Maawee le el et te tet te 
[RAS pulsewidth sss sit _| 50 [10K] 60 | 10K|70|10K| gol 10K | ns | 
[RAS holdtime ss Cd RSH | 13] 15 | 

CAS hold time tCSH | | 60 eae 

FERS pus widh_} s0AS_/ 19 10x11 | vox 20 [tox / 2p 10K | ne | __ 
EAS CHS dolaino | reo 20 ar [0 | a8 [20 | 20 | 60 | ns | 
ica an a ae a oa ee 
| i RAS precharge time tCRP lope ee eel 8 

Row address set-up time tASR 


-_ 
[Column address set-uptime =| asc | | 


Column address hold time 


[Column address hold time referenced toRAS| tak | 40| _ 

Column address to RAS lead time tRAL [so] 
[Readcommandset-uptime _—=———s | trcs | o| [|o} lol |< 

Pee eeerer err ere eras ee ee 
ead onmarstausineororced-ogas) eH | 0. LoL La} 0g | fps 


Write command hold time WCH 
Write command hold time referenced to RAS | tWCR 


2 , > RAS Ie , 
Write command \to CAS lead time tCWL ag] | 


Note) *1 : 5V only 


ei” 
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KM44C4000A, KM44C4100A 
_ KM44V4000A, KM44V4100A 


‘AC CHARACTERISTICS (Continuecd) 










CMOS DRAM 































" (Datasctuptme sits} of fo] fo] [o| [so 
Dataholdtime Hf to] to] ts] ts | ns fo 
Data hoidtime referencedtoFAS ‘(tH 40] [4s| [es] [eo] [rs [ts | 
Refresh period(2K, Normal) _jiRer [| | 32 | | 32] | s2 | | a2 i ms| 
|Refresh period(4k, Normal) REF || 64 | | 64 | | 4 | | 64 | ms | 
Refresh period(L-ver) [rer | [128] | ze] | ve || 128 | ms | 
__|rer | [256] [256 | | 256 | | 256 | ms | 
Wite commandsetupime [wes lo] jo}! lo] [ol] [m|7_ 
CAStoWdelaytime Ss ftcwo [a6] ao] so} | so| | ns | 7 
RAS toWdelaytime Ss tRWD [73 [as] rool st0| [ns | 7 
Column address toWdelaytime ss |tawb [4s | [55 | jes} | vo] ns | 7 
CAS precharge toWdelaytime _—|tcpwo|s3{ [eo] [70] | 75j ins | 
CAS set-up time (CAS-before RAS refresh) |tcsR_|.5 | [5 | [5 |] | 5s] [ns | 
CAS hold time (CAS-before-FAS refresh) |tcHR |10| [10] [15] a5 | ins | 
RAS toCAS prechargetime ss ttRPC_ {5 |i 5 | is | Ut | fs | 
CAS precharge time(CBR counter test cycle)|tcpT_|20| 20 | [so] 30) ins | a 
Access time from CAS precharge tPA | | 30] | 35 | | ao | | a5 | ns 
FastPagemodecycletime tof 35 | [40 as} so] ins | 
Fast Page mode read-modify-write cycle timatPRWC|76 | [85 | |100/ —sf 105] sins | 
CAS precharge time (Fast page cycle) - EAC aa 
RAS pulse width (Fast page cycle) __—_—_|tRASP_| 60 |200K | 60 |200K| 70| 200K | 80 | 200K | ns | 
RAS hold time from CAS precharge 35|  |ao| [45]. [ns] | 
OEaccesstme ss CtEA || 1 || ts | | 20 | | 20 [ns | 
OEtodatadelay Ss stED is | ts | aot fo ns | 
Out put buffer turn off delay time from OE toez |o | 13/0115 1/0] 20 |o |] 20 |ns | | 
OE command hold time | roEH [13] |15|  faol sf 20] [ns | 
Write command set-up time(Test mode in) wis |io/ [to] |iof ft} sf ns faa | 
Write command hold time(Test mode in) [twtH [10]  [10{  |10| = [10] = | ns | a4 
W to RAS precharge time(C-B-R refresh) io | [10] fio; | ns | 
W to RAS hold time(C-B-R refresh twRH [io| iio} [iol fro} [ns {| ? 
AS pulse width(C-B-R self refresh RASS. |100 | 100} _|100i ~~ ftoo] sd] us faa | 
AS precharge time C-B-R self refresh tRPS |90{ [110] i f1a0/. =f ts0] sd] ns J ta 
CAS hold time (C-B-R self refresh) wcHs |-50] —|-so| —|-sol sf -so] st ns Jaa | 



















Refresh period(SL-ver) 














Or 





DJ 







| 





Note) *1 : 5V only 
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KM44C4000A, KM44C4100A | 
KM44V4000A, KM44V4100A | CMOS DRAM 


TEST MODE CYCLE 


| were. 11) 








: . Parameter 


ae Symbol in| Max [atin] Max [Min] Max [Min] Max || 

_sornarpo ror egaaama Cl - C  i 
Read-modity-write cycletime | two |198]_|r60f__fig0|_ ato] | ins | 
Access timefromRAS tA || 55 || os | | 75 | | as | ns | 

access time rom‘ eac | | 1] | 20 | | 25 | | 25 | ns [ons 
iostnetoncnmaane tua [tat tet fet te tela 
RAS pulsewidth | RAS | 85] 10K | 65] 10K |75| 10K |@5| 10K | ns |_| 
CAS pulsewidth | CAS | 18] 10K | 20] 10K | 25 | 10K | 25] 10K | ns | | 
RAS holdtime RSH, | 18] [20] fas] a5] | ns | 
[CASholdtime Ss tH | 85] fos] 75] fas} tos | 
Column address toRASleadtime | tRAL | 90/ fas] ao] fas] | ns | 
eT a a eee 
RAS toWdelaytime | tw | 78] to] tos] [tts] | ns | 7 
Coun aderecso Woks tne | wwo [58] [oo] [0] ]75] Tm 17 1 
FastPage mode cycletime | tC 40] fas] 50] ss] | ns | 
Fast page mode read-modity-write cycle time| tPRWC| 61] _|90| ros] [tto]_ | ns | 
RAS pulse width (Fast page cycle) | tRASP| 85 | 200K] 65 | 200K | 75 | 200K | 85 | 200K | ns | 
Access time form CAS precharge | tCPA | | 35 | | ao | | 45 | | 50 | ns | 3 | 
OE accesstime EA | | 8 || zo | | a8 || 28 | ns | 
(OE todatadelay te | 18] tao] fas] fas] ns | 
SE commend neat ined sper | 8] [eo] as] fest ow | 


Note) *1 : 5V only 
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KM44C4000A, KM44C4100A_ 
KM44V4000A, KM44V4100A ____ CMOS DRAM 





NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. | | 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load.equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD>= tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit heoncion and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. if tCWD2tCWD(min), 
tRWD=2=tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected’ address. If neither of the above conditions is — 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W 
leading edge in read-modify-write cycles. | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 

_ and are not referenced to output voltage level. 

14. 4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

15. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4002A, KM44C4102A 


CMOS DRAM 





4M x 4 Bit CMOS Dynamic RAM with Static Column Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high 
speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.), access 
time(-5, -6, -7 or -8) and package type (SOJ or TSOP-II) are optional features of this family. 

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 

This 4Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. It may be used as main memory unit for high level computer and 


high performance microprocessor systems. 


FEATURES 


e Part Identification 
- KM44C4002A(5V, 4K Ref.) 
- KM44C4102A(5V, 2K Ref.) 


¢ Active Power Dissipation 


Unit : mW 





¢ Refresh cycles 


cycle {| ee 
KMaacaooza | 4k | Gams 
KM44C4102A 


e Performance range: 


--5 | S0ns | tans | 90ns | a0ns | 
[6 | 60ns_| tens | 110ns | 38ns _ 
[8 | 80ns | 20ns | 150ns | aéns | 



















e Static Column Mode operation 

¢ CS-before-RAS refresh capability 

e RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

e Early Write or Output enable controlled write 

e JEDEC Standard pinout 

e Available in Plastic SOJ and TSOP(II) packages 
° Single +5V+10% power supply 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 

























f= 
Refresh Control 
Memory Array pao 
Refresh Counter 4,194,304 x 4 to 


DQ3 





Cells 


AO ~A11 US IRow Address Buffer 
(AO ~A10)*1 
ol. Address Buffer 


Note) *1 : 2K Refresh 






Data out 
Buffer 





Column Decoder OE 


AO ~A9 
(AO ~A10)*1 


SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 








ai 
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KM44C4002A, KM44C4102A | : : CMOS DRAM 


° KM44C40(1)02AJ 





PIN CONFIGURATION (Top Views) 
_ © KM44C40(1)02AT ¢ KM44C40(1)02ATR 





J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP I TR : 400 mil 24(28) TSOP II(Rev.) 


° KM44C40(1)02AK 





¢ KM44C40(1)02AS . | * KM44C40(1)02ASR 









K : 300 mil 24(26) SOu S : 300 mil 24(26) TSOP Il SR : 300 mil 24(26) TSOP II(Rev.) 
* A11 is N.C for KM44C4102A(5V, 2K Ref. product) 


| AO-AT1 Address Inputs(4K Product 






















[DG0-3 | Datainout 
[Ves [Ground ———d 
[RAS | Row Address Strobe 
OE [Data Output Enable 








ns 
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KM44C4002A, KM44C4102A == = = => ~~ ~~ CMOS DRAM. 


ABSOLUTE MAXIMUM RATINGS 














Parameter 


ee ee ee 
eae A 
Storage temperature | ~SCTg)~—«dYSCOSCSB TSC; 
OS 
[Shor circuit ouiputcurent ioe] SSCSC*SOSSC*dSCm A 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 


this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. - 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 










Parameter — 


ae 

[Grounds 
reatigh@ags wa | a ee 
pron tage [ve Jt 


*1 : Voc+2.0V at pulse width < 20ns (pulse width is measured at Vcc) 
*2 : -2.0V at pulse width < 20ns (pulse width is measured at Vss) 








DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 





ee eee aii "Parameter N Max | 1 


Input iene current ree input O<VinsVcc+0. sv 

| all other pins not under test=0 volts.) 
Output leakage current | "8 

wale out is disabled, OV<VoutsVec) | 
Output low voltage level(lo.=4.2mA) _ a ee ee ee 
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KM44C4002A, KM44C4102A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 





Icc1 *: Operating current (RAS and CS cycling @tRC=min.) 

lcce : Standby current (RAS=CS=W=Vm ) 

lcc3.*: RAS-only refresh current (CS=Vin, RAS ,Address cycling @tRC=min.) 
Icca *: Static Column Mode current (RAS=Vit, CS, Address cycling @tSC=min.) 
lccs : Standby current (RAS=CS=W=Vcc-0.2V) 

ccs *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 


*NOTE : Icc1, Icca, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1 , Iccs3 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, address can be 

changed maximum once within one Static Column mode cycle time tSC. 
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KM44C4002A, KM44C4102A CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc=5V , f=1MHz) 











Parameter 


Input capacitance [RAS, CS, W, OE] 
Output Capacitance [DQO - DQ3] 


AC CHARACTERISTICS (0°CsTa<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vih/Vil = 2.4/0.8V, Voh/Vol = 2.4/0.4V 


rena ar te 

[Random read orwitecycetme [wo | 90] [110] _|ra0/ [reo] | m8 
Read-modify-write cycle time | tRwC /133] =| 155; {185| = {205} |sons | 
Access tne from RAS paras | [50] [eo] [7] | 60 | ns [aan 
[Access time from CS reac | [is] [1s] [ao] | 20 | ms [sas 
[Access time om column adaress [waa | | 25) | 90| | 35] | 40 | ns | a10 
ESwooupwtintowz ————S—C=stwZ@ fof fo} [oj jo| || 8 
[Output bufertum-oft daly homS | OFF | 0 (79 [0|1{0|20|0| | ms | 6 
Fransitontime (iseandiat) __———*«([ | aso} a|so|a|so| s| so) ms 
[RAS prechargetime ——~S~*~wRP SY BO] ao] [so] few] |e 
[RAS pulse with | RAS | 50 [70K] 60 | 10K] 70 | 10K] ao | 10K | ns 
FAStowtime —SSSSS~«d SH Wes] foot [ao] | ns 
CSholdtime SH | SO] [60 | | 70] | eo] ns | 
[CS pusewiath ———~SSS~S~=*d CS | 8 [10K] 15 | 40K] 20 10K] 20 | 40K | ns 
45 |20| 50 | 20| 60 | ns 
[RAS to column address delay tme | RAD | 15] 25] 15 | 00 | 15| 95 | 15] 40 | ns | 
CS to RAS precharge time ftcrP | 5/ {5} [5] [5]{ | ns | 

El ae 


Column address to RAS lead time sapAL [25]; 130]  [a5/ | aol |_ns | 
Read command set-up time tRCS LO WO Weer. eee || ies | 
Read command hold time referenced to CS FtacH | of jo} fof] [olf [ns | 
Read command hold time referenced to RAS FtaARH | of [of -fo} fol [ns | 
Write command hold time FweoH | 10! |10{ [45] as} | ns 
Write command hold time referenced to RAS -twor | 40/ [45] [ss] |eol | _ns | 
Write command pulse width , -twe- | io] [to] [is] Jaisl | ns | 
Write command to RAS lead time tawe | 15]; fis | f 20] | 20} | ns | 
Write command to CS lead time Frown | 13); [15] [20]  |e2o] | os | 
[Datasetuptime sf ts of fof fot fof {ns 
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KM44C4002A, KM44C4102A | CMOS DRAM 


AC CHARACTERISTICS (Continued) 








: "Parameter 


a cpm 
Data holdtime referenced toRAS_—(wHR [40] [as] [ss] [eo] [= | a 
a i Ce Oe 
| Refresh period(¢k Ret) emer | [| fe] || [oe |m| 
ite commandsetuptine jes | o| lo] [o| |o| [= |7] 
CStwWaelaytime ___——————~*iecwo | a6] ao] [so] [so] [ws [7 
FAS tW delay time ——~—itrwo | 7[[es| [rool [vol [ms [7] 
[Cokumm address to Wdelay ime _fawo [4a] [s5[ |es[ | 70] [ns [7 
ESevapine Croomeraé aay teen To Tef fe{ fs [ [ 
[ES hoidtine (CS-peforeRAS refresh) [tou [10 [v0] {wo [10] [as | 
Sets pecapeime fare [ss [fast 
CS precharge time(C-B-F counter test eyeo)|scPT | 20| [2o{ [ao] [eof [|| 
Static Coumnmode cycietime ‘isc [20] [as| [40] |«s[ [ns | 
Siac Cum mode readmodty-witeqeetine [sSRWC| 76[ [es | [rool [110] | ns _ 
pccesstimerromiesiwite fam | feo] | as] | es | | 75 [ns [arn 
Output data hold time from coum adévess [taoH [| [s{ [es] [s[ [rm] 
Output data enablotimeiromW row | [as] [a] | «| [es [re] 
Speramareronyeeaee ae  esC 
FAS pulse wih (Sale Coun cyte) [RASC | 50 [200K eo [200K] 70| 200% | | 100K | ns 
C5 puth width (Static Column cycle) _[t680 | 13 [200K] 18 [200K] 20 | 200K | 20 | 200K | ns 
CounnsaaessnosineniernesRSranguw ts | fs | [s| | s 

Last wite to column address dlay time [wad 20| 25 [20 | 25 [2s| ao [2s| a5 [ns | 
Lastwite to column address oldtime rannw{ sol [est les) _[7s[ | re _ 
Write commandinactvetime [www [10 [10| [ 10[ | ns | 
MWrte address hod time referenced RAS rawn 40| [as|[ss|/oo/ [ns | 
CEaccessime toe | to] tte] | a] | [ns] 
OE toda delay SSS nw | ce | foo oe | 
ouput buter un off delaytom OE woez | 0] lo] 1s ]0] 2] ol] a [ms] 
OE conmandholdtime ____—~iroeH as] [as| [oo] [0] [ne | 
Wte command setup tme(Test modeiny [twrs [10[ [1 [1] [10] [ns | 
we cennanstesinerea neers [vol [so | foto [as | 


W to Bee precharge time(C-B-R refresh tWRP 


fio] fiof fof ns 
Pancha onan iw ew tt [wl be 
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KM44C4002A, KM44C4102A CMOS DRAM 


TEST MODE CYCLE 


ee 1 






a 
ead-modiy-write cyclone ~~ RWC |T88|—_[v60 [roo] ao] | ne | 
Access tie fom RASS RAC | PS] |S) | || es | os faa 
Access ime tomeS——~=S~i tc || | | ao | | es || os | me [345 
foassinetemcstnnadiess [wa [| oO | [ss [| as [me [ao 
AS pulse with _———=~S~w AS SE] TOK [ws] OK [75] 10K |S] 40K [ns | 
CS pulse wit fies | 18] 10K [20] 10K [28 | 10K [25] tox | ms | 
aS adie wen [20] ao) fas asf ns | 
EShokdtine __—~S~Ss HSE] | esd ns 
(Column address to RASTeadtime | tea [30| [05] [40) [45| [ns | 
EStoWdelaytime =~ wo aS] fas} ss] 65] [ns | 7 
ES eW dley [wo 8 Yoo os es] | 
Town address 10 W delay ime | two [55| [oo] |70] _|75| | ns | 7 
State Cournn mode oyele me (| S0_[35) [aol [4s] [60| [ns | 
State Coun mode read-noay-wrie glee | tSAWG| @7[ [90] [ros] [rio [ne | 
FFAS pulse width (Static Column cycle) | tRASC| 65 | 100K] 65 | 100K | 75 | 100K | 85 | too | ns | 
Access ime formiastwits _———itwmw | | 61 | eo | [7 | | a [me [an 
DE acceestine _———SCS~w A |_| 1 | | oo | pes | | ao | oe 

OEtodata delay ——~=S~S~S to | Fw] v0| das | as] ns | 
[OE commanahoistime ___———_—+(10en [v8] [20] [es] as] [ne] 
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KM44C4002A, KM44C4102A | CMOS DRAM 
NOTES 


1. An initial pause of 200ps is ‘essiuitez after Poveeue followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vic(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the eutpat achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2twWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), 
tRWD>tRWD(min) and tAWD=> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CS leading edge in early write cycles and to the W_ leading 
edge in read-modify-write cycles. | 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as. 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | | 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) defines the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4003A, KM44C4103A | CMOS DRAM 
4M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode Quad CAS DRAMs. Fast Page Mode offers high 
speed random access of memory cells within the. same row. Refresh cycle(2K Ref. or 4K Ref.), access 
time(-5, -6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package 
type(SOJ or TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh, 

RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL 
version. 

This 4Mx4 Fast Page mode Quad CAS DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. 





FEATURES 
* Part Identification ¢ Fast Page Mode operation 
- KM44C4003A/AL/ASL (5V, 4K Ref.) ¢ Four separate CAS pins provide for separate 


° CAS-before-RAS refresh capability 
«Active Power Dissipation «RAS-only and Hidden refresh capability 
Unit : mW ¢ Self-refresh capability(L & SL ver) 
¢ Fast parallel test mode capability 
ee ee ¢ TTL compatible inputs and outputs 


ee ee ¢ Early Write or output enable controlled write 


eee ee Ee ee ee * JEDEC Standard pinout 


385 495 


a a re * Available in Plastic SOJ and TSOP(II) packages 


¢ Single +5V+10% power supply 





*Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


Refresh 

_NO. | cycle cae 
in 
iA aie 









CASO 














Refresh Timer 
e Performance range: : 


Pe | te [te | eB se 
| 60ns | 15ns | | 110ns | | 40ns | 
AO~A11 Slow Address Butter 
| -8 | 80ns | 20ns | 150ns | 50ns |  ao-ag 
Note) *1 : 2K Refresh 










i Serse Amps & IO j 
b= | 


Data out 
Buffer OE 





(AO ~A10)*1 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4003A, KM44C4103A. | CMOS DRAM 
PIN CONFIGURATION (Top Views) 


© KM44C40(1)03AJ/ALJ/ASLJ 


J: 400 mil 28 SOJ 
T : 400 mil 28 TSOP II 
TR : 400 mil 28 TSOP II(Rev.) 





° KM44C40(1)03ATR/ALTR/ASLTR 


Vcc 

DQO 

DQ1 

WwW 

‘RAS 

A11(N.C) 
0 





* Note : () --> 2K Product 







__PinFunction 


PinName _ ee 
| Mss | Ground sd 
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KM44C4003A, KM44C4103A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


SR a SE 
T Votage on any pinrelatvetoVes | Vavon | At a0 =<? 
[Voltage on Vee supply relatveto Ves | Ve | 1 70 ~«|—V 
PowerDissipaion ——~=S~=~=“‘dSC‘i SSCS 
[Shot Great Ouput Curent ii <i SSCiRSSC~*wdSCiA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 


this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 








RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


Symbol 
Supply Zoe 


Input High Voltage 
Input Low Voltage 


*1: Voec+2.0V at pulse width < 20ns, Pulse width is measured at Vcc. 
*2: -2.0V at pulse width < 20ns, Pulse width is measured at Vss. 





| Veo 
PGround | Vs 
Lie 
pe 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
Parameter =| Symbol re 
Input Leakage Current (Any input O<Vin<Vcc+0.5V ln) 
all other pins not under test=0 volt.) 
Output Leakage Current 
(Data out is oo Se OV<VouTs<Vcc) . 
Output High Voltage Level( | Output High Voltage Level(loi=-5mA) si 


ee eee ni 
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KM44C4003A, KM44C4103A__s. | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


~KM44C4003A 





Icc1* 
Icc2 
Icc3* 
* 


Icc4 
Iccs 


Ioce* : 


lcc7 


Iccs 


Don't care 


Don't care 


Don't care 


Normal 
L Don't care 
SL 


Don't care 


: Operating Current (RAS at and CAS cycling @tRC=min.) 

: Standby Current (RAS=CAS=W=Vu ) 

: RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min) 

: Static Column Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 
: Standby Current (RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


: Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vecc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V 


Din = Don't care, TrRc= 31.25us(4K/L-ver), 62. Sus(aXiSL- -ver, 2K/L-ver), 125us(2K/SL-ver) , 
TrAS=TRasmin~300 ns 


: Self Refresh Current 
‘ RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ3= Vcc-0.2V, 0.2V or Open 


* NOTE - Icct, lccs, loca and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VIL. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C4003A, KM44C4103A CMOS DRAM 


CAPACITANCE(Ta=25°C,Vcc=5V, f=1MHz) 





Parameter _ 

Input capacitance [AO - A11 
Input capacitance [RAS, CASx, W 
Output Capacitance [DQO - DQ3] 





AC CHARACTERISTICS (0°CsTas70°C, See note 1,2) 
Test condition : Vcc=5.0V410%, Vih/Vii=2.4/0.8V, Voh/Vo1=2.4/0.4V 








Parameter 





(cee 
[Read-modiy-wrte cycletime _—_—~«(WAWC [rag] |r| _[i@5| [205] | ms | 
Aazess time from RAS frac [so [ feof [vo | [0 [as [3.0 
ime from CA reac [fas | fis [aol [20 | as [asia 
Access time from column address | tAA | =| 25]; [30] | 35] | 40 | ns | 3,10_ 
A as 
Output buffer turn-off delay 






g > 
ie) 
[?) 

pee 8 
eo) ” 
(@) =. 
Ss 3 
Ze) © 
= > 
=H g 
a 
ro) 
> 2 
N 


Transition time (rise and fall) 
A 
A 


D 
a 


O15/Z 4/616 
D|A|> alae 
rcryryo nN 


AS hold time - 


ire 
pulse with (CAS | 13 [0K] 15 | 10K| 20 [10K] 20[ 10K | ns | 20 
to CAS delay time txcd_| 20 | 37 | 20 | 45 | 20 | 50 | 20| 60 | ns | 4,16 | 
RAS to column address delay time tRAD | 15 | 25 |15 | 30 |15| 35 | 15] 40 | ns | 10 | 
rcpp-_| 5] [5] [s| [si] fe] i 
Row address set-up time tASR Fo} fo} fo}. fo] jas} | 
Row address hold time tRAH / 10} [10] [10] fio} fons} | 
olumn address set-up time tASC Fo} fof fol [ol] | ns] te | 
Column address hold time tCAH /1o{/ |io] [15] |i5{ | ns | 16 | 
wR | 40} 45 | fs5| | oo] | ns | 2s | 
mal | 25}  ja0} jas] | ao] | ns | 
tRCS 
Read command hold time referenced to CAS | tRCH fol ftol-fof |o| [ns] a7 | 
Read command hold time referencedtoRAS| tARH_ | 0| |o | |o| [ol | ns| 8 _ 
[Write commandholdtime | tweH | 10/ | to | [ts [is] | ns | aa 
[Write command hold time referencedtoRAS | twor | 40] [45 | [15] | is | | ns | 25 
[Write command pulse width | twe | 10] {ro | [55] | eo] | ns | 
[Write command to RAS leadtime | trwL | 15] [15 | [20] | ao| | ns | 
[Write command to TAS teadtime | rcwe | 13] fis] [20] [aol | ns | tz 


i(lololaltala 
DI) DI] Di} pi] Bi 
Halal a ta 

ae a oO 

Oj|cl¢ 

3/2)/5 

212/19 

Fic 

3 

@ 


O 


S to RAS precharge time 


QO 


Column address hold time referenced to RAS 
Column address to RAS lead time 


me 
© 
9 
°. 
Q 
fe) 
=| 
3 
© 
=| 
a 
” 
© 
ie 
c 
oO 
= 
® 
—_ 
0) 
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KM44C4003A, KM44C4103A __CMOS DRAM 
ne CHARACTERISTICS (Continued | 


"Parameter. 


[in [ax in . 
fa Tas 2 a a 
Datarotime ito vf fro] |vs[ [as] [rs | o | 
Data hold time referenced toRAS ‘[toHA [40] [45 | [es[ [60[ [ns [a5 
Retresh pefod(@K,Nommal) —itmer ~—| fee | [we] |e | | a fm] | 
Retresh period(4K, Normal) ——+iumer | | oa | | ea | | o¢ | | 64 [me] 
Refresh peod(Lvey)___——SS~dREF | 28 | | 128 | [tee | | 28 | me | 
Refresh perio'SLvey) ——~S~idRE || ase | [ase | | 286 | | 256 [me | 
wecomnandsetwpine wes Tey [ol fof [el fos [re 
CAS toW delaytime _———~S~S~*t@w> [a6 | [ao] [ol [so | ve [7.16] 

fine [7 





RAStoWdelaytime ss tRWO 73] fas | foo] 110 | 
Column address toWdelaytime _—|tawd | 48 | [ss] fes| | vo] sf ns | 7 | 
CES setup ime (CHEnetretETeien sn [st [st Ts[ 1st 1 [16 
CAS holdtime (CAS-before-RAS refresh) [tCHR | 10|  |10/ —[15| | 5] ns | 17 
RAStoCAS prechargetime ss (tRPC'| S| |S | (S| ES | fs | 
CAS precharge time(CBR countertestoyole)|tcpT_|20| {zo | __igo|_ ij aof_ it ns | 
natant een | (ee) Pate Le ae 
FosiPapemascowsine [wo [se| [wl [asl [aol [oe 
Fast Page mode read-modify-write cycletimatPRWC| 76 | [es | [roo] tos] | ns | 19 | 
cat semarge meine! Pe 20 
RAS pulse width (Fast page cycle) _—_—|tRASP_| 50 |200K| 60 |200K | 70 | 200k | 80 | 200K | ns _ 
RAS holdtime from CAS precharge = |tRHCP |30| [35 | | 40 45| | ns 
Seon ee ae ee 
OEtodatadelay = tED 13] ts] ao] ft 20] ns | 22 
CAS prechane WW dety ve [ecpwol ss |e | [701 7s] 1m | 
[Out put buffer turn off delay time fromOE |t0EZ_|o | 15 |o | 15 |o| 20 | o| 20 | ns |_| 
[OE commandholdtime ss tH [13] its]. [aol sf 20} fs | 
Write command set-up time(Testmode in) [twrs |1o|  |io} —fiof [of | ns | 
Write command hold time(Test mode in) [wTH |1o| [io | {ro} | to] fms | 
W to RAS precharge time(C-B-R refresh) wap {io} fj1o} trol = J to] sd ns | 
WtoRAS holdtime(C-8-R refresh) _—[twRH |1o| —|1o| fof fof ns |_| 
BAS pulse width(C-B-R self refresh ‘Rass |100/ {100 roo ~—Ss 400; ~Ssd us | ta | 
RAS precharge time (C-B-F setfretresh) _(tnPS_|90| _|110| __[rg0|___fts0| | ns 14 | 
CAS hold time (C-B-Rself refresh) [tS | -50| —|-50, 50) |-so| ns | 14 | 
ieatestanonmtie |  tevoi is tail 5 prs [15] 





Cicrrpnaire | _ a! . é : ; : 


KM44C4003A, KM44C4103A CMOS DRAM 


- TEST MODE CYCLE _ ae ae 







Findon der avine [we feel vg fost [os] 
fencers emo ea feat ff 
fccesstine om RAS ———~—SCit RAC || S| | es | | S| | 88 | we [anton 
fccesstimettomCAS ——~=~*~‘diAS*C*d;SC@ | CP ao || || | ne a2 
access tine om courmadiiss [wa | [>] Ts [To] [em] a0 
AS puse with ___————~—~—~«d; AS | 85] TOK] 65] 10K [75] 10K [05] TOK] ve] 
EAS pulse width | tas | ¥8| 10K}20| 10K [25 | 10K [26] 10K | ne | __ 
FAS toldtime ——~=~S*~<~S~S~s RSH: TB] fe| as es] me] 
[cxSrowine __——__‘fwsn [55|_fes[ [75] [es[ [ns] | 
[Cokumn address to RAS Teadtime | wRaL [30 [a5] [40] [45] [ns] 
EAS toW delay time _—~=~S~*sr tow PA] fas] fos] [os] | ne | 7 
FAS toWdeleytine + two [76 [eo] _fros| [rs] [ns | 7 
[cowmn address to Wetay ime | wo [53] [eo] _|7o| | 75[ [ns 7 
Fast Page mode cycetme ——+‘(| c/a, fas] [so] [ss] [ne] 
Fast page mode read-modity-wite ci tme| terwcl er | [eo] [ros] [110] | ns | 
FS pulse with (Fast page cle) ___| tas | 65 200K) 6s | 200K] 76 [00x] 65 [200K] ns |__| 
Access time form TAS precharge {rra | | 35] | | [as] | so[ rs] a 
OE accessime _————sSSS~—r to | | | | eo] es] | ee | 
OE to datadelay _——S~S toe | dz] os | 
[OE commandhodtime [wen [18 |20[ [a5] [2s] [ns 
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KM44C4003A, KM44C4103A CMOS DRAM 
NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and Vi.(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | 

5. Assumes that tRCD2> tRCD(max). 

6. This parameter defines the time at which the output sctieve: the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in thedata 
sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle and the 
data output will remain high impedance for the duration of the cycle. If tcWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. | 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to’ the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

15. In order to hold the address latched by the first 
CAS going low, the parameter tCLCH must be met. 

16. The first CASx edge to transition low. 

17. The last CASx edge to transition high. 

18. Output parameter is referenced to corresponding CASx input. 

19. Last rising CASx edge to next cycle's last rising CASx edge. 

20. Last rising CASx edge to first falling CAS edge. 

21. First DQx controlled by the first CASx to go low. 

22, Last DQx controlled by the last CASx to go high. 

23. Each CASx must meet minimum pulse width. 

24. Last CASx to go low. | | 

25. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A | CMOS DRAM 





4M x 4 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power 
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-Il) 
are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and 
Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version. 

This 4Mx4 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 
band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 













FEATURES ¢ Extended Data Out mode operation 
e Part Identification _ (Fast Page Mode with Extended data out) 
- KM44C4004A/AL/ASL (5V, 4K Ref.) ¢ CAS-before-RAS refresh capability 
~ KM44C4104A/AL/ASL (SV, 2K Ref.) ¢ RAS-only and Hidden refresh capability 
aOR SY Sk Ret) Sates capably & SL ver 
e Fast parallel test mode capability 
ic hel cbc ae epee Unit : mW ¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 
Speed ¢ Early Write or output enable controlled write 
ae Bee aK eae e JEDEC Standard pinout 
5 | - | - | 495 | 605 | ¢ Available in Plastic SOJ and TSOP(II) packages 
6 | 288 | 360 | 440 | 550 __ e Single +5V+10% power supply(5V product) 





7 _| 380 [ saa [385 |_ 405 
eee [288] 330 [440 


¢ Single +3.3V+0.3V power supply(3.3V product) 





Bie eeCyelee FUNCTIONAL BLOCK DIAGRAM 
pre Refresh| Refresh | Refresh period _| 
cycle = a 


i CAS 
ems 256ms " 
sat =e» 

ed Gad | 


e Performance range: 















Be ge cn a 
Refresh Control 
Refresh Counter 











Memory Array 
4,194,304x 4 






















/-5 | 50ns | 18ns | 90ns] 20ns | SV Only Cals p23 
/-6 | 60ns | 1Sns |170ns| 26ns | SV/S.SV] _A0-A11 EE Row Asdress Bier —— 
(AO ~A10)"1 ata ou 
a age Buttor_}a- OE 
<8 | 80ns [20ns [7S0ns| Béns [SV/B.3V] (ao~At0)* 
Note) “1 : 2K Refresh 
SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4004A, KM44C4104A 





KM44V4004A, KM44V4104A | | CMOS DRAM 
PIN CONFIGURATION (Top Views) 
° KM44C/V40(1)04AJ ¢ KM44C/V40(1)04AT ¢ KM44C/V40(1)04ATR 
Vec H10 Vss Vss 
Daon 23 DQ3 DQ3 
Da1L DQ2 DQ2 
Wo CAS CAS 
RAS o OE OE 
*A110 19H AQ AQ 
AIOE AB AB” 
AOD 8 17P A7 A7 
A1c A6 A6 
A2 15H A5 A5 
A3 A4 A4 
Vec Vss Vss 
J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP !| -—- TR: 400 mil 24(28) TSOP Ii(Rev.) 
* KM44C/V40(1)04AK ° KM44C/V40(1)04AS | ¢ KM44C/V40(1)04ASR 








K : 300 mil 24(26) SOU S : 300 mil 24(26) TSOP II SR : 300 mil 24(26) TSOP II(Rev.) 


* A11 is N.C for KM44C/V4104A(5V/3.3V, 2K Ref. product) 













-PinName| PinFunction 


V Power(+5.0V) 
= Power(+3.3V) | 


No Connection(2K Refresh) «| 


ELECTRONICS | | 

















KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 





Se te | 
‘Gann ake taal) aces to 
Toten ee sapyraeW Va [ ve | asm vee[ 1m ot0 |v 
Short Circuit Output Current "aS 


* Permanent- device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 






Parameter 





























RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


‘Supply Vottage | Ver] a0 | 9g | ae | as | so | ss |v 
[Ground | vss | oo [| oo [| oo | lo | lo fT 
jInputHigh Voltage | Vn | 20 | - | vecrost| 24 | - | Voost |v 
InputLow Voltage | Vu | 03? | - | o8 | 10? | - | 08 |v 


*1:Vec+ 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 






<= 





<j< 






< 





DC AND oe eae CHARACTERISTICS (Recommended a eg conditions unless otherwise noted.) 


aoe, eee | Symbol mune 
ae renege Current (Any input O<Vin<sVcc+0.3V, Int) s6 
all other pins not under test=0 volt.) 
Output Leakage Current eas 5 
(Data out is disabled, OV<VoursVec) - os : 
Output High Voltage Level(loH=-2mA) Sat 
Output Low Voltage Level(lo.=2mA) Pe Pee 


Input Leakage Current (Any input O<VinsVcc+0.5V, Iu 
all other pins not under test=0 volt. ) 
5V 













Output Leakage Current low. 
(Data out is disabled, OVsVouTsVcc) si 
Output High Voltage Level(loH=-5mA) a 


Output Low Voltage Level(lo.=4.2mA) _ a OP RE a 
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KM44C4004A, KM44C4104A | , 3 
KM44V4004A, KM44V4104A | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued, 





Don’ t care 


Don't care 


-8 
Normal 
L Don't care 
SL 
5 


Don't care 


Hoa'teare 400 450 400 
= 300 350 300 ei 
x [eons | ae | a ete 


Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

Icc2 : Standby Current (RAS=CAS=W=Vu ) 

Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) | 

lcca* : Hyper Page Mode Current (RAS=ViL, CAS, Address cycling @tHPC=min.) 

lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) | 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS= 0.2V 
Din = Don't care, Trc= 31.25s(4K/L-ver), 62.5s(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver) , 
Tras=TRAsSmin~300 ns | 








Iccs : Self Refresh Current 
RAS=CAS=0. 2V,W W=OE=A0 ~ A11 =Vcc-0.2V or 0.2V, DQO ~ DQ3= Vcc-0.2V, 0.2V or Open 


* NOTE: Icc1, Icca, lccs and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. lIcc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 








ELECTRONICS 


KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A | CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


a ee 
te fe 
ee eee ee ee ee 














Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQO - DQ3] 





' AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vii=2.0/0.8V, Voh/Voi =2.0/0.8V 

























Random readorwite cyoetme [two] @| [roa] [ee] fra] | ro | 
[Read-modiy-wrle eycetime __—_-[wnwo [iie| [140] [170] [190] | v9 _ 

[Access ime fromBAS———=S~irRS|SC SOY | | | 7] | a | ns [aero 
[AcoesstimefromGAS——~S*~=“‘~*‘szCA*~T SC‘ S| | as || 0] | 20 | ne fon 
[Access time from coumnaddress———*[ A+ fs} [a0] [a5] | 0] ms | 310 
CAS to ouputintowzZ ————~—~S—sdeaz Pat fe] [a] |e} |=] 3 
[Output butertunvotf delay tomCAS_[wez | 3|v]a [isle as] 2 | ns | on 
Etoouptniwz Siw Pst fa] ts] fs; [| 3_ 
Transition ime (ise andfai) | | 2[%|2[so;e[s|2|so| | 2. 
[RAS prechargetime __——~—~S~sr RP = wo] tao] [so] [eo] [ms] 
RAS pulse with ——~—~—~—~S aS | 50 10K] 60 | 10K] 701| 10x] go] TOK] ne | 
RAShodime ————~S~S~S~Sens va] ts] eo] fo] ps | 
[CASoldtime———SS~C~CSs tH we] as | 50] wo] | me | 
[CAS pulse with ~~~ twas | [0K] 10 | 10K] 15 [10K] 20 | TOK] ne | 15 
[RAS to CAS detaytime _———~~_[ trod | 20] a7 |20 | 45 [20| 50 | 20] 60 | ns | 4 
[RAS to colurm address delay ime | tad | 15 25 [15 | oo [15| 95 [15] 40 | ne | 10 
[CAS IFAS prechargetime [rp | s| [6] |s| [s| |] 
[Row address setuptime stash | of fo] fo] [o| || 
[Column edsress sctuptine —-‘|wsc | of [o] lol Jol | m=] 
[Golumn address hoidtime ‘(roan | @ | [10] [15] [as] | ms | 
wn_[os| [a2 | [sel [sr] [me | a7 
[Column address to AAS leadtime [wna [as] [so] [e5{ [ao] | me] 
[Read commandsetuptime [wos of lo] o{ lo] || 
ncn |o] fo] fol [ol | m= | 2 
aw [of fol [o| [o] | |. 














ol ime 
Wr 
Wri dth 


umn address set-up t 
A 
cH| to] ji] [15/ |as| | ns |_| 
[ae 
te command pulse wi 
ite command to RAS | 


ee 
rom | 8] jo} fs] feo] 


Note) *1 : 5V only 


a 
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| KM44C4004A, KM44C4104A 7 , bee 4 
KM44V4004A, KM44V4104A | _ CMOS DRAM 
AC CHARACTERISTICS (Continued) | 

























: es 
Datasetupime ws [ol |[o| jo] |[o| [nm] 0 
Data hold time wor [ey jo; [wl [ts] [ms |e | 
Dataholdtimereferencedto FAS _—*(tHR [a7 | [a2] [sel [sz] ___| re | a7 | 
Refresh period(@K, Norma) ——=S=s«swamE_—| =| S@ | | oe | | ae | | 2 [me] 
Refresh period(4K, Norma) ____——~(imeF_—| ‘| o# |_| 4 | |e | | oa | me] 
Refresh period(Lve) ———=SSS~=«iRE =| + 28 || rae | | tae | | 128 [me | 
Refresh periogSL-ve) _—~—~=«wRE~—~|~—~(| 256 | ase | | 56 | | ase [ms | 
Write commandsetuptime _——-(wes (o| jo| jo] [ol |s | 74 
CAStoWdelaytime —-——~=~=«itewD a0 | faa] al fae] [ns | 7 | 
RASt0Wdelaytime ———~—~ieaw>~fe7| [7a jes] [toa] [ns | 7 
Column address toWdelaytime —‘(rawd |a2{ [aa [so] [ea] [ns | 7_ 
CAS sotup tine (CAS-betore-FAS reheat) [icsh_ (5 | [5{ [5s] |s| || | 
CAS hold time (CAS-before-RAS refresh) |tcHR- | 10] [ro] [15] 5] ns | 
AS to CAS precharge time _|irpc [s{ ots; ts} is] ins] | 
CAS precharge time(CBR countertestcycle)tcPT__|20| [20 | {30} | 30] tims | 
Access time fromCAS precharge tPA | | 28 || 35 | | 40 | | 45 | ns | 3 
Hyper Pagecycletime Ss tHPC [20] [as] tao] | a5] | ns | 16 
Hyper Page read-modity-write cycle time |tHPRWG.47 | |s6 | 71] fat | ins | 16 
CAS precharge time (Hyperpage cycle) [tcp |e | [io]  j10/ sf tof tins | 
RAS pulse width (Hyper page cycle) __—_—(|tRASP_| 50 |200K| 60 [200K |70| 200K | 80 | 200K | ns |_| 
RAS hold time from TAS precharge = [tRHCP [30 | 35 | jao] fas] fins | 
OE accesstime = HEA | | | OL ts | | 20 | | 20 [os | 
OEtodatadlay ss teD tts] fis | j2o] 20] | ns 
AS precharge to W delay time rcpwo [45 | sa] tea} feo] ins | 
Out put buffer turn off delay time from OE toeEz | 3 |1313 | 15 13] 20 | 3] 20 | ns | 6. | 
OE commandholdtime ss tOEH 113 fis | jo] 20] ns 
Write command set-up time(Test mode in) |twrs [10] [10] jolt to] ins | at 
Write command hold time(Test mode in) _[twrH |io| lio} lio] fio] ins | a4 | 
WtoRAS precharge time(C-B-R refresh) |twre |1o| [io | [iol fro] | ns 
wRH lio] lio] |r} fof ns | 
pow {5 | [5]  |s5|  |s|  jns| 


-_—- 








| 
















ie) 


Output buffer tun off delayfromRAS _|trez | 3 | 1513 | 15 |3| 20 | 3 | 20 | ns |615 
wez_ [3 | 13 | 3 | 15 | 3 3 | 20 | ns | 6 | 
weo |i5|  |is{ lao] it ao| tins | 
cH {5s | is}  [s|  |s| js] | 


woo |s {| {[s|  |[s}  [s{ [ns] | 


OE precharge time | tOEP 


W pulth width(Hyper Page Cycle tWPE 
RAS pulse width(C-B-R self refresh) tRASS 


Note) *1 : 5V only 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A CMOS DRAM 


su wa 


“Parameter. ee , o eas 2 3 symbol Gata 


ron ime C-B-Asefrefrest) | taps | 90] [rio] [190] [150] | ne | 14 
CAS hold time (C-B-R seff refresh) | tcHs |-50| _|-50| |-50] [so] _—| ns | 14 | 


| AC italia el Si MS (Contnued) 





TEST — CYCLE 


| (Note. 11) 








"Parameter ee | Sym Min 

cinder ne — ee 
Reacmodiywrte oe ime [SRW [121 

ccesstine fom RAS Sime] 
Access me tom CHE —_——~—S*itCAG 8 || m0 || | 
feo eton coneiow wa [Tee |e Te b 
RAS pusewan ‘(RAS [58] TOK [65] 10 [78[ TOR [OS] TOK [ne | 
EAS pulse with [teas [¥9| 0K 15 10 [20 | 10K [26] tox [ns |] 
RAShodime was [18] [zo[__fas~_[28| [ns | 
CxS holstme resn |e} [sof [ss [| [ws | 
Column adtoss o AAS eadtino [wa 90] [os] lao] fas) re | 
EAStoW delyime —____owo [35] [50] «of [#9] [= | 71 
RAS 1 W dolaytine aw [72 [ea] Tea [100] ne | 7 
Column adress to W delay ine [raw [47] sa [ea 60] [ne | 7 
Fier Pagecycietime twp 25] Tso] 38 40) [rs | 
Hyper page read-modify-write cycle time|tHPRWC|53| 61] 76] 86] =| ns | 
FIRS pulse wiah (Hyper page cl) _[\RASP [55] 200K Tes] 200K | 75 | 200K | 95 | 200K | ns | 
aa ee Te) a La a ao 
(OE accesstime ss “sCStOEA | | 8 | | 20 | | 8 || oe ls | 
eae ae ee ee ee 
OE connandhodine —roen [18] [a0 2s Ts) Tmo | 


























Note) *1 : 5V only 
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KM44C4004A, KM44C4104A 


KM44V4004A, KM44V4104A | CMOS DRAM 


NOTES 


1. 


ad 


10. 


11. 
12. 
13. 
14. 
15. 


16. 
17. 


An initial pause of 200u1s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

Vin(min) and Vir(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs. 

Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the Seow ee tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

Assumes that tRCD2 tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating safaMior. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified: tRAD(max) limit, then access time is 
controlled by tAA. : : | 
These specifications are applied in the test mode. 

In test mode read cycle, the value-of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 
tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 
4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS — going, the open circuit condition of the output is 
achieved by RAS high going. 


tASC >tCPmin, Assume tT = 2.0 ns 


tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM44C4010A, KM44C4110A CMOS DRAM 





4M x 4 Bit CMOS DRAM with Fast Page Mode(Write per Bit Mode) 


DESCRIPTION 


This is a family of 4,194,304 x 4 bit Fast Page Mode(Write per Bit mode) CMOS DRAMs. Fast Page Mode 
offers high speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.), 
access time(-5, -6, -7 or -8) and package type(SOJ or TSOP-II) are optional features of this family. All of 
this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 4Mx4 Fast Page mode(write per bit mode) DRAM family is fabricated using Samsung's advanced 
CMOS process to realize high band-width, low power consumption and high reliability. It may be used as 
main memory unit for high level computer, microcomputer and persona! computer. 





FEATURES 
© Part Identification e Fast Page Mode operation 
- KM44C4010A(5V, 4K Ref.) ¢ Write per bit mode capability 
- KM44C4110A(5V, 2K Ref.) | ¢ CAS-before-RAS refresh capability 


e RAS-only and Hidden refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

e Early Write or output enable controlled write 

e JEDEC Standard pinout 

e Available in Plastic SOJ and TSOP(II) packages 
e Single +5V+10% power supply(5V product) 


¢ Power Range ae 


ool OK : 





¢ Refresh cycles = | FUNCTIONAL BLOCK DIAGRAM 


Vcc 
Vss 
, VBB Generator 


Refresh Timer 
ae, 
Refresh Control 


IMGnOIR ae ee 


KM44C4100A 






















Data in 
¢ Performance range: Butfer 
[Speed | Rac | tcac 


| -5 | 50ns | 13ns | 90ns | 35ns_| 













Memory Array 





ps & 1O ; 













[ef 60ns_| Téns_| T10ns_| 40ns aro a0 wba 
ns ns ns 

(AO ~A10)"1 
| -8 | 80ns | 20ns | 150ns | 50ns | “gy ag Butter [e- OE 


Note) *1 : 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4010A, KM44C4110A CMOS DRAM 


PIN CONFIGURATION (Top Views) 
°KM44C40(1)10AU | © KM44C40(1)10AT ¢ KM44C40(1)10ATR 











J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP II(Rev.) 
¢ KM44C40(1)10AK * KM44C40(1)10AS © KM44C40(1)10ASR 
Vec dio o4h Vss Vec Oo 1° 24 EDVss | 
W1/DQ0 _ 93h wW4/DQ3 «= W1/DQ0 Ta TOW4/DQ3 W4/DQ304J03 
W2/DQ1 w3/DQ2 ~=W2/DQ1m% TOW3/DQ2 W3/DQ2MJo0 
WB/W g CAS WBN & | 
RAS OE RAS POE 
“Allg 190 AQ *A11 00 1 AQ 
A10g 49p A& A10 02 ro A8 
Adg 170 A7 AO d= — A7 
Alt 9 16p A6 Ait 0 A6 
A210 150 A5 A21410 “AS 
A344 A4 A3 07444 TO A4 
Vecr 12 43) Vss Vcc 42 'UVss 
K : 300 mil 24(26) SOJ S : 300-mil 24(26) TSOP Il SR : 300 mil 24(26) TSOP II(Rev.) 


* A11 is N.C for KM44C4110A(2K Ref. product) 















-PinName | PinFunction 
| 
|_wW/DQ0-3 | Write select/DataIn,Out 
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KM44C4010A, KM44C4110A | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 












Voltage on Vcc supply relative to Vss -1 to +7.0 
Storage Temperature -55 to +150 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 







Parameter 


Voltage on any pin relative to Vss_ 












RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 
[erodes 


a is Vec+2.0V at pulse width < 20ns, Pulse width is measured at Vcc. 
*2: -2.0V at pulse width < 20ns, Pulse width is measured at Vss. 









DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
Parameter | symbot | tin | Max 
Input Leakage Current (Any input O<Vin<sVcc+0.5V, pom fe fo 

all other pins not under test=0 volt.) 
eg S| 
ee ae 














lL) 
Output Leakage Current _ 
(Data out is disabled, OVsVouts<Vcc) (L) 
Output High Voltage Level(loH=-5mA) , 


Output Low Voltage Level(loL=4.2mA) 
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KM44C4010A, KM44C4110A | | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 





Icc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

Icce : Standby Current (RAS=CAS=WB/W=Vu ) 

Icca* : RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.) 

lcca* : Fast Page Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=WB/W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


*NOTE:  Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Viz. In Iccs, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C4010A, KM44C4110A CMOS DRAM 


CAPACITANCE (Tx=25°C, Voo=5V , f= ue) 


Parameter 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition : Vec=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.0/0.8V 












: "Parameter ‘symbol aoe eee oe ee 

| Fo ere eg IKE ER 
Read-modify-write cycle time -trwe [133] [155] [185] 205 | ons 
AccesstimefromRAS ss sf tC | | 50 | | eo | | 70] | ao | ns [34,10 
AccesstimefromCAS tac | 3] | 5 | | 20 | | 20 | ns | 34,8 
SI a ee eee ee 3,10 
TAS to outputintowz ss tciz | of fo | Cfo | fo] ts | 
Output buffer turn-off delay torr | o | 13/0 [15 { 0/20] 0 | 20 | ns | 
Transition time (rise and fall) ‘it | 3 | 50] 3 | 50/3 | 50] 3 | 50 | ns | 
RAS precharge time | ar 40 50 !eo} | ns | | 
RAS pulsewidth =| tS. | 50 | 10K| 60 | 10K] 70 | 10K| 80 | 10K | ns 
RAS hold time jtrsH | 13| [15 | [20] | 20] |_ns | 
feashadtime tes | 50 foo | rol feof | ne | 
‘CAS pulsewidth tS | 13 | 10K] 15 | 10K | 20 | 10K| 20 | 10K | ns | 
50 | 20] 60 | ns | 4 
pepe reer aaa FRE EERE UH DEPT eo 10 
CAS to RAS piece time 5 | |8 eile ie ieee 
ener oep eo ENR 2°" A 2 
Rowaddressholdtime = T tRAH | to] [10 | to | | tof ns 
Column address set-uptime ssf tasc | oO} =|o | |o| fol] | ns 
Column addressholdtime ssf CAH | t0/ io] a5} fis) | ns 
[Column address hold time referenced toRAS| aR | 40| | 4s | |ss{ | oo| {| ns | 14 
Column address toRASteadtime =| wRAL_ | 25| a0 | fas | ao] ns | 
[Read commandsetuptime ss | wrcs | o| jo | [o| [ol | ns_ 
Read command hold time referenced to CAS -trcH | o| fo] lol fol | n-s | 8 
| P-ad command hold time referenced to RAS | tRRH 1 ol lol lo] [ol | ns | . 
Write command hold time FtwcH | 10; Jto] fis} fis | ns | | 

| Write command hold time referenced to RAS | tWCR }4o}  |[45| [ss] [eo] | ns | 14 
CE, a 2 ee 
Write commandto RAS teadtime | trwe | 15] [15] [20] | 20] —|tsins 
[Write commandtoCASteadtime | tow. | 13] [1s] jao| [aol | as | 


ci cerponaure om 

















KM44C4010A, KM44C4110A | | CMOS DRAM 
AC CHARACTERISTICS (Continued) | | 









“up ti jos jo | 
Datahodtime son fo | ro as) as | ps 0 
Data hot tine referncod io RAS ‘ona [ao] [as] [es] [oo [= [ua ~ 
Refresh period(2K, Normal) REF || 32 | | 32 | | se | | a2 | ms | 
Refresh period(4K, Normal) REF | | 64 | | oa | | 64 | | 64 | ms] 
Writecommandset-uptime twos [o | jo | fol fo] ins 7 | 
((CAStoWadelaytime i tcwo [a6 | f4o| [so] [0] ns | 7 | 
FAStoWdelaytime tO [73] [85 | too] to) | ns | 7 
Column addresstoWdelaytime ss ftawD_ | 48 | [55 | 6s] fo] fins | 7 | 
CAS set-up time (CAS-before-RAS refresh) |tcsR_|5 | |5 |  |s| [5]  |rs | | 
CAS hold time (CAS-before-RAS refresh) |tcHR |10| [10] js} is| [ns | 
RAStoCAS prechargetime ss tRPC | S| | | fs] Uf | fs | 
CAS precharge time(CBR countertestcycle)|tcPT | 20| [20 | jso|_ sf 3o| | ns | 
Access time fromCAS precharge CPA |. | 30 | | 35 | | 40 | | 45 | ns | 3 
FastPage mode cycletime ss tPC fs | 40] fas] | so] fms | 
Fast Page mode read-modify-write cycle timgtpRwC| 76 | [85 | too f1o5|_ | ns | 
rcp fio | fio | tof to] ins | 
RAS pulse width (Fast page cycle) _—_—(tRASP | 60 |200K| 60 |200K|70| 200K | 80 | 200K | ns |_| 
RAS hold time from CAS precharge |tRHCP | 30 | 135 | ao] a5 | | ns 
OE accesstime EA | | 3 | ts | | 20 | | 20 | ns 
OEtodstadelay ft 13 | fis | 20] fo] ms | 
CAS precharge to W delay time rcpwol|s3| feo t7o| i zs{ ins | 
Out put buffer turn off delay timefromOE__[toez_[o | 13 [0 | 15 |o| 20 | o | 20 | ns | | 
OEcommandhoidtime ss tOEH 113] fis | j2of [ao] [ns | 
Write command set-up time(Test mode in) |twrs [io] [io trol jf tof [ns fat 
Write command hold time(Test mode in) [twrH |1o| | to} fro] fo) | ns | aa _ | 
|W to RAS precharge time(C-B-R refresh) twee |io{| fio} fio} fo] ns | 
WtoRAS holdtime(-B-Arefresh) twa |io|  |1o | frof fof ns | 
Write per bit set-up time wes fo} jo] fol fol  |ns| 
Write perbitholdtime twa [to | |io| ro] fo] ns | 
Write selection set-uptime ss twos |o | fo | {ol fol Ins] | 
Write perbit selection holdtime = twoH | to] fio} trol sf rol sins | 


a 








Or 
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KM44C4010A, KM44C4110A CMOS DRAM 


TEST MODE CYCLE 













(Note. 11) 


























aoe oo Min 
IRC P_[is 
Read-modiy-wite eyoletime __———~| RWG [198 [reo [90] ato) ‘| ns | 
mac | [55] | | [75 | | 88 | ns [aara 
[Access time fromCAS ~SS*~*~r RCA n 
Access time fromeolumnaddress | AA || 30 | | 35 | | 40 | | 45 | ns | 3,10 
RAS pulse width _—=—=SS~* RAS | 85] 10K [65] 0K |75| 10K [e5| 10K | ns | 
CAS pulsewidth | tS | 18] 10K [20] 10K | 25] toK | 25 10K | ns |_| 
RASholdtime RSH | 18] [20] [25] [25] | ns 
CASholdtime Sf tH | 85] fos] 75] fas] ns | 
Column address toRAS leadtime | RAL [30/35] fo] | 45] | ns | 
CAS toWdelaytime St tow 41] fas] fss| ts] | ns | 7 
RAS toWdelaytime | tw | 78] [90] tos] tts] | ns | 7 
Column address toWdelaytime | tawD [83] feo} [vo] [75] | ns | 7 
Fast Page mode cycietime | tp 40] fas] 50] 85] | ns | 
Fast page mode read-modify-write cycle time] tpRWC] 81| [90] to5]__—iditol_ | ns | 
RAS pulse width (Fast page cycle) | | tRASP | 55 | 200K| 65| 200K | 75 |200K| 85|200K| ns |_| 
Access time formCAS precharge | tcPA | | 95 | | 40 | | 45 | | 50 | ns | 3 
OE accesstime sf tA | | te | | 20 | | 5 | | a8 [ns | 
(OE todatadelay ED | 18] fo} fs] fs] ins | 
OE commandhoidtime | tH | 18] ao} fas] fas} fins | 



























203 





KM44C4010A, KM44C4110A CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed ny any 8 ROR or CBR a before 
proper device operation is achieved. 

2. Vixn(min) and Vic(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the sa a achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), 
tRWD2tRWD(min) and tAaWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. | 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W 

_ leading edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
are ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. tAR, tWCR, and tDHR are referenced to tRAD(MAx). 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A CMOS DRAM 


2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 2,097,152 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or 
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family 
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh 
operation is available in L & SL version. 
This 2Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for 
high jlevel computer, microcomputer and personal computer. 





FEATURES 
¢ Part Identification ¢ Fast Page Mode operation 
- KM48C2000A/AL/ASL (5V, 4K Ref.) | ¢ Byte Read/Write operation 
- KM48C2100A/AL/ASL (SV, 2K Ref.) CAS -before-RAS refresh capability 


- KM48V2000A/AL/ASL (3.3V, 4K Ref.) 
- KM48V2100A/AL/ASL (3.3V, 2K Ref.) 


e Active Power Dissipation 


¢ RAS-only and Hidden refresh capability 

e Self-refresh capability(L & SL -ver) 

Unit : mW ¢ Fast parallel test mode capability 

e TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 

e Early Write or output enable controlled write | 
e JEDEC Standard pinout 

¢ Available in Plastic SOJ and TSOP(II) packages 

e Single +5V+10% power supply(5V product) 

e Single +3.3V+0.3V power supply(3.3V product) 





. melee! cycles FUNCTIONAL BLOCK DIAGRAM 


jc20008| SV! ax | oams 
4K | 64ms 
2K | 32ms 


° Performance range: 



















Memory Array 
2,097,152 8 
Cells 











eee ne tare | Soret Sore eV On 
[6 | 60ns | Téns [T0ns] 40ns [BV8.3V" 
7_| Pons | 26ns [130ns| 4Ens [ 6V3.V_ 
[-8 | 0ns | 20ns [150ns] 60ns | 5V3.3V_ 








Data out 
Buffer 


Note) *1t : 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM48C2000A, KM48C2100A | | 
KM48V2000A, KM48V2100A | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM48C/V20(1)00AJ/ALJ/ASLJ 














J: 400 mil 28 SOJ 
T : 400 mil 28 TSOP II 
TR : 400 mil 28 TSOP II(Rev.) 


* Note : () --> 2K Product 


| AQ-A11_| Address Inputs(4K prod 

Data In/Out 

-Ground 

{OE __|{ DataOutputsEnable 


Vec Power(+5.0V) | 
Power(+3.3V) , 


[Re [Reconnection 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 






Parameter 


oe a 
[Wortage on Vee supply relative toVes | Veo | 05 to v4.6 | 10 +70 | Vv 
Power Dissipation ——SC~<~—rSCiSS 
[Shor Greut Ouipat Curent =i dCi 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 












RECOMMENDED OPERATING CONDITIONS wolages! referenced to Vss, Ta= 0 to 70 °C) 


ae a eo ae 
[Grund] vs | 0 | o | o | o | o | 0 |v 
re eee eee ee 
[Input Low Voltage |__ve | -037 | - | o8 | 407} - | 08 | v_ 


“1: Vec + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 






| Parameter 

















DC AND os CHARACTERISTICS sh case as slaallall ds eendiions unless =o noted.) 










Parameter 


SaaS i aakade Current (Any pil O<VinsVec+0. 3V, li) 

all other pins not under test=0 volt.) 

Output Leakage Current - lou 5 

(Data out is disabled, OV<Vout<Vcc) 

Output High Voltage Level(loH=-2mA) ete po 

Output Low Voltage Level(lo.=2mA) aan bea eae 


Input Leakage Current (Any input O<Vin<Vcc+0.5V In.) 
all other pins not under test=0 volt.) 


Output Leakage Current 5 

ae aaeee out is disabled, OV<VoutsVcc) 
| Output High Voltage Level(lo#=-5MA) High Voltage Level(loH=-5mA) | ee 
Output Low Voltage Level(loL=4.2mA) ae a 


ex” ey 
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KM48C2000A, KM48C2100A | tag 
KM48V2000A, KM48V2100A GMOS DRAM 
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DC AND OPERATING CHARACTERISTICS (Continued) 










Don't care 


Normal : 


Iccs. | Don'tcare |. 






Don't care 





Normal 1 1 1 1 
Iccs L Don't care 300 300 | 300 300 
=i SL 200 . 200 200 200 
. - - 90 110 
Icce Don't care ss we sn 100 
70 90 70 | 90 
-8 60 80 60 80 


mA 

mA 

mA 

mA 

mA 

mA 

mA 

pA 

A 

mA 

mA 

mA 

mA 

L seh te 400 400 pA 
‘oe |) oi |) a a) oe 
Ea Ea 





lcc1* : Operating Current (RAS andCAS cycling @tRC=min.) _ 
Icce : Standby Current (RAS=CAS=W=Vu ) 
Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
.lcca* : Fast Page Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) | 
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voitage(Vit)=0.2V, CAS= 0.2V . 
Din = Don't care, Tac= 31.25s(4K/L-ver), 62.5s(4K/SL-ver, 2K/L-ver), 125ys(2K/SL-ver), 
Tras=Trasmin~300 ns | 3 
Iccs : Self Refresh Current | 
. RAS=CAS=0.2V, W=OE=A0 ~ A11 = Voec-0.2V or 0.2V, DQO ~ DQ7= Vec-0.2V, 0.2V or Open 
*NOTE : !cc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values | 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 


and Icce, address can be changed maximum once while RAS=Vi. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. | 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V2100A = CMOS DRAM 


scicibine oelatel Uaici Vec=5V or 3.3V, f=1 MHz) © 


~ Parameter 


Input capacitance [RAS, CAS, W, OE] 
- Qutput Capacitance [DQO - DQ7] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 1,2) | 
Test condition(5V device) +: Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Vol =2.4/0.4V 
Test ee alia ; ices catia Vin/Vii=2.0/0.8V, Voh/Vol =2.0/0.8V 


“Parameter 


esonndreae aime [nef] Li pms 
Read-modify-write cycletime | two |133| [15s] [185] 205] | ns 
[Access ie tom FAS [waco | [so] [eo] [7 | ns _|3, 
[acones ime tom CaS [waco | [91 [5 [20 [ [20 | re 34,5 
[Access time from column address | tA | | 25 | | go | | a5 | | 
TAS tooutputinuwZ ssf tciz | of fo | fof Jol | ns 
[Output buffertum-off delay | torr | o | 13/0 | 15 [0 | 20] 0 | 20 | os | 
Transition time (rise andfal) sf tt | 3 | 50 | 3 | 50/3 | 0 | 3 | 50 | ns 
RAS prechargetime ssf tre | 30) [40 | |s0| feof | ns 
[RAS pulsewidth S| tras | 50 | 10K 60 | 10K| 70 | 10K go | 10K | ns 
RAS holdtime wash | 13] fis | |2o] feo] | ns | 
THSholdtime Sst tc | so] feo | 70] feo] 


ERS puso way cas [13 | sox 1s [son] ota on [ook |_oe 


RAS toCAS delaytime =| tCD_| 20 37 | 20 | 45 | 20| 50 | 20| 60 | ns | 


[RAS to column address delay time __—| tRAD_| 15 | 25 | 45 | 30 | 15 | 35 | 45| 40 | ns _ 
CAS to RAS precharge time tCRP ft 
Row address set-up time tASR 


Row address hold time tRAH 10 


Column address set-up time tASC 


Pelt cae Slage! 
[Column addressholdtime sf tcAH | t0| [io | [15] |is| | ns 
cotati nine | wn a0] Las | Tas ten fo 
[Column address toRAS leadtime _——| tRaL_ | 25| [301 |as| | ao] | _ns | 
Read command set-up time tRCS oe eo eg. 
[Read command hold time referencedtocaS| tRcH | o| [ol] [ol [oj | ns | 
Read command hold time referenced to RAS | tRRH 
Write command hold time 
ive conmandnaciae eteorcedsa Bah 908 | AD, _ 
Write command pulse width tWP 


sie conmanaiS tina [a {as [aa | La 


Write command to CAS lead time tCWL | 13 20 as 
Note) *1 : 5V only 
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KM48C2000A, KM48C2100A | 
KM48V2000A, KM48V2100A_- CMOS DRAM 


AC CHARACTERISTIC? iGonunuee) 






“Parameter 


i" ax [Min [ Max [otin[_ Max | Min] | 
= mmm 7 i 8 IN 
Dataholdtime OH ft] ft | ~—sts| is] ns | 9 | 
Data holdtime referencedto RAS |tOHR | 40| [45 | [ss| feo] | ns | 15 | 
Refresh period(2K, Normal) ss (tREF | | 32 | | 32 | | 32 | | a2 | ms” 
Refresh petiod(4K, Normal) —s—(tREF || 64 | | 64 | | 64 | | 64 | ms” 
Refresh period(tiver) = tREF | | 128 | | tae] | 128 | | 128 | ms_ 
Refresh period(SL-ver) REF 2s6| | 256| | 256 | | 256 
Write command set-up time tWCS 
FAS toWdelaytime sss two [73| [25 | —ifroo)_—S{tt0| ns | 7 | 
Column address toWdelaytime _—=[tawo 48 | [ss] tes} | zo} ns | 7 
CAS set-up time (CAS-before-AS refresh) |tcsR_ [5 |  |s |  |s5|  |[s5|  |ns| | 
CAS hold time (CAS-before-AS refresh) |tcHR |10/  [10| |15|_ —sf1s| ss ns |__| 
BAS toCAS prechargetime —Sss—stapc (5 |) [5 | |s| [sf [ns] | 
CAS precharge time(CBA countertestoycle)|tcpt |20| [20| {s0| | 30| {ns |__| 
Access time from TAS precharge _—Sitcpa_| | 30] | 35 | | 40 | | 45 [ns | 3 
Fast Page mode cycle time tPC 35 (40 | _|as| fs0{ {ns | 
Jos: fage manager eer me.Sst TE AF aR gh 
eee 
RAS pulse width (Fast page c cle) | tRASP | 50 |200K| 60 | 200K | 70 | 200k | 80 | 200k | ns _ 

RAS holdtime from CAS precharge _—trcp {30 | jas] aol sf as| sf ns | 
OEacesstime —»s—Ss———stora | [is | tis | | 2 | | 2 [ns | 
OE to data dela tOED | 13 fis | lool 20 oe ns 

CAS prechargetoWdelaytime __——sitcpwois3| feo} —i7o| ~—izs| ins | 
Out put buffer turn off delay time tromOE__|toez_|o | 13 |o0 | 15 |o! 20 | 0} 20 [ns | 
OEcommandholdtime ss ttopn lis} iis | |ao} tao] ins | 
Pencarian ae wpnatceade sy OPS 8, 

ng Pa 





























































AS : Haass fico} {son po} —— fs} —— ) 
ICHS tte ett i 


Note) *1 :5V a 
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KM48C2000A, KM48C2100A _ eH 
KM48V2000A, KM48V2100A_ OT CCMOS: DRAM 


TEST MODE CYCLE 
, : | | (Note. 11) 



















) 7 
Suleiae |Min| Max |Min| Max |Min| Max |Min| Max 
Random read orwrite cycletime sss | tac =| 95| [14s] figs] [15] | ns | 
Read-modify-write cycle time | tnwo |138( [160i _~——frg90| [ato] ~—s | ns | i 
AccesstimefromRAS sss trac | =| 55 | «=| os | | 75 | | 85 | ns lata 
20 | [25 | | 25 | ns laas 
[Access time from columnaddress _—s'{ taa_| {| 30 | | 35 | | 40 | [| 45 | ns | 3,101 
RAS pulsewidth = Sd tS | 85 10K |65| 10K [75 | 10K |85| 10K | ns |_| 
CAS pulsewidth Ss tans |'18| 10K [20] 10K | 25! 10K | 25| 10K | ns |__| 
RAS hold time tRSH 20} _f2s| fas] | ns | 
TAS holdtime  —=s—S—s tcc | 85| fos ~—s{zs| —s fas; ~— | ns | __—C 
Columnaddressto RAS leadtime _—s{ trac | 30| {as —s {4o|_ —s [as] | ns | 
TAS toWdelaytime  ———s——s{ tcwo [41] —sifas| —ss| [ss] sf ns | 7 | | 
RAS toWdelaytime = —S——s| two | 78] foo} ——sf1o5| tis] 
Column addresstoWdelaytime | awn |53| —sfeo| —s[zo| ~—s [zs 

FastPage mode cycletime __—s——s| tpc =| 40{ [45] Ss [so] 

[Fast page mode read-modify-write cycle time| tPRWC|81| ——fg0| ios] sitio) ~— | ns | 
| 200K | 65 | 200K | 75 | 200K | 85| 200K | ns | __ 
45 | | 50 | ns | a 



































OE to data dela | | tOED | 
OE command hold time 


Note) *1 : 5V only 


5 
me 
OE accesstime == HEA | 
18 
18 
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KM48C2000A, KM48C2100A aes oe 
KM48V2000A, KM48V2100A = CMOS DRAM 





NOTES . 


1. 


10. 


11. 
12. 
13. 
14. 


15. 





Prison 





An initial pause of 200us is required afiet power-up followed by any 8 ROR or CBR ees before 
proper device operation is achieved. 

Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

Measured with a load equivalent to 2 TTL(S5V device)/1 TTL(3.3V device) loads and 100pF. 
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. .If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. | 

Assumes that tRCD> tRCD(max). 

This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VoH or VoL. 

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), 
tRWD=tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle. and the data 
output will contain the data read from the selected address. lf neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. | 
Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to the CAS leading edge in early write cycles ane to the W 
leading edge in read-modify-write cycles. 

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | | 
These specifications are applied in the test mode. 

In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. | | | 
4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. 

tAR, tWCR, and tDHR are referenced to tRAD(MAx). 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A _ CMOS DRAM 





2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 2,097,152 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power 
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-II) are optional 
features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh 
capabilities. Further more, Self-refresh operation is available in L & SL version. — 

This 2Mx8 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high 
band-width, low power consumption and high reliability. It may be used as main memory unit for high level 
computer, microcomputer and personal computer. 





FEATURES ¢ Extended Data Out mode operation 


* Part Identification | (Fast Page mode with Extended data out) 
- KM48C2004A/AL/ASL(5V, 4K Ref.) ¢ Byte Read/Write operation 
: iis b00d URGE aC ’ ¢ CAS-before-RAS refresh capability 
; € ° BAC 1 <9: 
ay ¢ RAS- fresh l 
- KM48V2104A/AL/ASL(3.3V, 2K Ref.) RAS-only and Hidden refresh capability 


¢ Self-refresh capability(L & SL-ver) 
* Active Power Dissipation Unit: mw ¢ Fast parallel test mode capability 
EN ¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
OK ¢ Early Write or output enable controlled write 
e JEDEC Standard pinout | 
e Available in Plastic SOJ and TSOP(II) packages ~ 
e Single +5V+10% power supply(5V product) 
¢ Single +3.3V+0.3V power supply(3.3V product) 









FUNCTIONAL BLOCK DIAGRAM 


: Vcc 
Control! Vss 
Clocks VBB Generator 


Refresh Timer 
Mh eo 
Refresh Control 


sh|___ Refresh perio 


«oe led 
™ as 
a ———128ms | 256ms 
C2104A) _5V_ 2K | 32ms 
V2104A 
¢ Performance range: 


C|tCAC! tRC_| tHPC | Remark 





























| Data in : 
Buffer 


ps & lO j 


Memory Array DQO 















peed! tRAC mark 2,097,152x 8 |€ to 
eae - 
[a [80s] 20ns [750ns[ 3éns | SVBBV] (ao aay 





Note) *1.: 2K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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PIN CONFIGURATION (Top Views) 





¢ KM48C/V20(1)04AJ/ALJ/ASLJ 


1 
2 
3 
4 
° 
6 

7 
8 
9 


J: 400 mil: 28 SOU 
T : 400 mil TSOP II | 
TR : 400 mil TSOP II(Rev.) 





¢ KM48C/V20(1)04AT/ALT/ASLT ¢ KM48C/V20(1 )O4ATR/ALTR/ASLTR | 








RAS Row Address Strobe 


rere 
|AO-A10_ 
[RAS 
CAS 
ENG 







Data Outputs Enable 
Power(+3.3V) ) 
eve SV) 
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ABSOLUTE MAXIMUM RATINGS 





Voltage on any pin relative to Vss 

Voltage on Vcc supply relative to Vss 
ee Ce 
0 A 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 







(Voltages referenced to Vss, Ta= 0 to 70 °C) 














——— Unit 





et Min | Typ | Max | Min | Typ | Max | 

|Ground | Vs | co | lo | co | lf lo | ll 
vn [20 |. [vena] e | | vecet™| v_ 
inputLow Voltage | vu | 03% | - | o8 | +07] - | o8 | v | 


*1: Vee + 1.3V/15ns(3.3V), Veoc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






Input Leakage Current (Any input O<Vin<Vcc+0.3V, is 5 5 UA 
all other pins not under test=0 volt.) 
Output Leakage Current | | | 
3.3V | (Data out is disabled, OV<VoutsVcc) 
Output High Voltage Level(loH#=-2mA) | Vow | 24 | - | ve 
Output Low Voltage Level(lo.=2mA) | Vo | - | 04 | Vv | 


| Input Leakage Current (Any input O<sVinsVcc+0.5V, lw -10 10 uA 
all other pins not under test=0 volt.) | | 
. 5V 




















Output Leakage Current | : ; 

Data out is disabled, OV<Vout<Vcc) 

- Output High Voltage Level(loH=-5mA) | Vow | 24 | - fo vy 
Output Low Voltage Level(lo.=4.2mA P Mo. foe) Oa ye 


Pons unig 
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DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


‘Normal 
| NES | batcae 


Don't care 





ae 
Don't care 
= 


Don' tcare 


Don't care 





Icc1* : Operating Current (RAS andCAS cycling @tRC=min.) 

lcce : Standby Current (RAS=CAS=W=Vu ) 

Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min. ) 

Icca* : Hyper Page Mode Current (RAS=Vi, CAS, Address cycling @tHPC=min.) 

Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC= min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vi_)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver) : 
Tras=TrRasmin~300 ns 7 eee: 

Iccs : Self Refresh Current 
RAS=CAS=0. 2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQ0 ~ DQ7= Vcc-0. OV, 0. 2v or Open. 


*NOTE:_ Icc1, Icc3, lcc4 and Icce are dependent on ‘output loading and cycle rates. Sedna values 
are obtained with the output open.’ Icc is specified as an average current. In Icc1, Icca, - 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 


ELECTRONICS 








KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A ee CMOS DRAM | 


ccleaner coma or 3.3V, f=1MHz) 


: _Parameter_ 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQ0 - DQ7] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vil=2.4/0.8V, Voh/Vol =2.0/0.8V 
Test sails 3V ee) Vec=3.3V+0.3V, Vin/Vi=2.0/0.8V; Von/Voi =2.0/0.8V 







Parameter : = ha ist 
Faeries eel el 
Read-nodi-we iene [WC |y46] [40] [170] [veo] | 5 
Access tie fom FAS [mac] PS] [eo] [me] [oo] ve [ears 
feces na ron RE [wae | [| 6] [20] | 20 | me [aa 
[haces tine om coun aduess [wa | [es [| [a5 | 0 | m [aro 
iooiptintowzZ pox tay jst fet [sf [mts 
Ouipa biter uno doay Tons [waz Taf @ls [ls] s| a] m= [an 
Ewaininiwz poz ts? [es] sl [s| [| 
Fanstiontne (ee anda) ir [2 [we] solel@ls| so] me 
FAS precharetine tw ope fot] oe 
RAS puso width| tea [ 60 | 10K] 60 [1] 70 [OK] 60 | TOK | ns 
FAS hodine ms et et feof fa] |e 
[RS hoidime cs fee] foe | foo] fol | | 
ERS pulse wath | was [8 [10K 10 | 10K] 18 [10K] 20 [10K] vs | 
AS to CAS delay ine [woo | 20| a7 [20 | «5 [20] so || 60 | re | a 
Sto cour adtessdelaytine | ad 18] 25 [rs [oo [1 [ os [as | 40 | me | 1 
[CASIORAS pechanetine Tere 8] Ts] es] [st [m= 
ow adress sotuptine [want of tot fo] fol |= 
Row addess baiting man 10 [ro] To To] | oe | 
Column eddess setups [use [ot fo [ol fo] | 
[Counn ediress hokdine Pear Te | oo] Tet [os] |e 
Colunn adress hold ine eforrceaS [wn [ss] [a] [s> [ert] | a 
Coumn edreas to WAS eedine [wna [25] [50 | [ss] Tol [= | 
Feedconmandsetupime [wes | ol Tot [ol Tol] m= 
eed command hot tine wferencoatotAS| won [0 fo] fol tol] =] s 
ead command told me referncedto ASL AAA [0[ Tol lo Tel |]. 
|Writecommandholdtime | tWCH | 10| [10] 15) | is | |i 
[Write command hold time referencedtoRAS | twor | 37| | 42 | [52] | 57] |sons_ | 17 
[Wits conmand pee win [we [wo ot 1x5[ Tis] no 
WritecommandtoRASleadtime | tRWL | 13/[ 15 | [20| | 20} |r | 
Wrte command to CAS eadtime __|rcw | 6 | [10 | [16] Jo] | _ns | 


Note) * 1:5V only 


cicerenancs | | 















































KM48C2004A, KM48C2104A | 
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Ac CHARACTERISTICS ddr | 










[Srmbol in | Max tn [ax [in| Max [in| Max | 

57mm me a i 
Data hold time Ca dO | 
Data holdtime referencedto FAS _—*(YOHR [a7 | [a2| fez] [sv] ‘| ss | a7 
| [Refresh period2K, Noma) ———=«dwtRE—~| =| &@ | || | | [se [ms] | 
| [Refresh period( 4K, Normal) —~=«iEF_—~*| =i a |_| oa | | 64 | | o [me] | 
Refresh period(L-ven wer | [ize | [tee | [tee | | 128 [ms 
Refresh perioa(SL-ve) _——=~=«dieREF_—| ‘| 266] | ase | ase | | 266 [ms | 
Wite command setuptime ‘wes [o{ jo] {o| [ol] [| 7 
CAStoWdelaytime _——=~S~=«*tCWD gO] faa] asf val [re | 7 
FAS toWdelaytime __———~«yewD fe} [vet _fea| joa] irs | 7 
Column address toW delaytime __iawo [a2 |[aa| [sel (ea, fre | 7 
CAS set-up time (CAS-before-RAS refresh) |tCsR_| 5 | [6 | 1s | | 5 | fas | 
CAS hold time (CAS-before-RAS refresh) [1CHR [10]; [10] {15[_[as[ [rs | 
"|RAStOCAS prechargetime _—=—=stmPc_ =| 5 | [5 | |s| |[s| [as | 
CAS precharge time(CBR countertestoyciejtcPT [20| |20| {sol [so] [rs |_| 
Accesstime fromCAS precharge «(tPA | | 26 | | a5 | | 4 | | a [rs | | 
Hyper Pagecycletime HPC 20 | fas] |30| fas] | ns | 16 | 
Hyper Page read-modify-write cycle time |tHPRWG 47 | |56 | |71| sf at| | ns | 16 | 
CAS precharge time (Hyperpage cycle) |tcP__ | 8 | |10| to] to} | ns 

FIAS pulse width (Hyper page cycle) __|RASP _| 60 |200K| 60 |200K|70]| 200K | @0 | 200K | ns _ 

RAS holdtime from CAS precharge |tancP [30 [fas | [aol as] [ins | 
DE accesstime tA || | | ts | | 20 | | 20 [os | 
OEtodatadelay OED 13 ts | zo] fo; is | 
CAS precharge toWdelaytime [CWO | 45 | [54] fea] eo] tims | 
OEcommandhoidtime - tOEH | 13 | 15 | [ao] | 20) ns | 
Write command set-up time(Test mode in) |twrs | 10 | [10] fro} to} ns | tt 
Write command hold time(Testmode in) _|twtH | 10 | |io] fo} | to | | ns | tt 
W to RAS precharge time(C-B-R refresh) wap |io/ fio]  |fio]{ | t0o] [ns | | | 
[WtoRASholdtime(C-B-F refresh) |tWRH | 10| |} 10] jo] | ns 
Outputdataholdtime DOH fs | fs | is] UL | is | 
Output buffer turn off delay from RAS trez | 3 {13/3 | 15 |3{ 20 | 3 | 20 | ns [6131 
Output buffer turn off delay from W twez |3 {13/3 | 15 |3{ 20 | 3 | 20 | ns |613) 
W to data dela | {WED | tao] ns | 
OEtoTASholdtime Ss tOCH_ [5 || | |] S| fs | 
CASholdtimetoOE tc fs | fs | is |] S| fs | 
pEreiageine fer te | fo tet Tet tre 
push wishes Page Cree) _fowwe_ts | {6 { {e{ {s{ {os | _ 
RAS pulse width(C-B-R seff refresh) _—|tRASS [100] 100} roo] ftoo] [us | 14 | 


tome La5V Are 


en 
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AC CHARACTERISTICS (Continued) — 


icin ables ele | 


ne CB rans [oo[ [rol [real isola 
CAS holdtime COR sot rest) | wos [so] [so] [so| [so] [ns] 4) 





TEST MODE CYCLE (Note. 11) 


| ae ee ee ee ee 

[ewer | "rn 

Random eadorwiteoietine YRC [eo] [10g ra0f a8) Ls 
<a Co a a aC 
Access time from RAS ———~=iRAG =| =| 6s | | 6s | | 78 | | 68 | rs [oana 
Access ime rom CAS——~—=éiwac~—=d =; ae] | 20 | | 8 | | | ns [ans 
Access time trom cohmn address [ta | | a0 | | a5 | | 0 | | 46 [ns | ato 
FAS pulse wah ___——_——~*(tRAS_[a5| 10K [65] 10K [75] 10K [65] 10K [re | 
EAS pulse with _——_——~(frcas fxs] 10K [15[ 10K [20] 10K [25] 10K | ne | 
RASholdtme ——~S~wRSH tw] zo] fas] fas] | ns 
EASholdime__——~——~ires# fas] [sof [ss] [es] [rs | 
Column adcress to FAS eadtime _[tRaL [so] [asf [40] [4s] [ns | 
ASW delaytime ___———~(HCWOas[ [eo] [af 40) [ne | 7 
RAS toW delaytime __|tawO [72] [ea[ _|90| [109] | ns | 7 
[Coun address to Wdelaytime [wo [a7] [s4[ [es] [ea] | ns | 7 
Hyper Page oyclotime —__————~(tHPC_|as| [aot [a5] [40] | ns | 16 
rperpageread-modiywrie qe ine HPAWC]ss| [er _[76| [e5| | ns | 16 
FAAS pulse width (Hyper page cle) _|tRASP [55] 200K [es| 200K [75] 200K |@5| 200K | ne | 
Access time form TAS precharge [ropa | | a3 | | 4 | | 45 | | 50 [ns] a 
OE accesstime _——=S~S*~*EA || te | | 2 | | as | | es 
OEtodatadelay ————~iweD vel ao] fas] les] [ns] 
a a 1 


Note) *1 : 5V only 






























an ii 
fl eerpnanire | . 
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NOTES 


1. An initial pause of 200ys is required after power-up followed 2 any 8 ROR or CBR cycles before 
- proper device operation is achieved. 

2. ViH(min) and Vic(max) are reference levels for measuring “ning of input signals. Transition times are 
measured between Vin(min) and ViL(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a re ference point only. If tRCD is greater than the specified tACD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and i is not 
referenced to Vou or VoL. | 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD (min), 
tRWD2tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit i insures that tRAC(max) can be met. tRAD(max) is specified as 
a re ference point only. If'tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | ae 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by ae the above'value to the 
specified value in this data sheet. 

13. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage level. 

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after 
self refresh, in order to meet refresh specification. | 

15. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

16. tASC =tCPmin, Assume tT = 2.0 ns 

_ 17. tAR, tWCR, and tDHR are referenced to tRADIMAX, 





ELECTRONICS 


KM416C1000A, KM416C1200A | 
KM416V1000A, KM416V1200A CMOS DRAM 





1M x 16Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 1,048,576 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh 
cycle(1K Ref. or 4K Ref.), access time(-6, -7 or -8), power consumption(Normal or Low power) and package 
type(SOJ or TSOP-II) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in self-refresh version. 

This 1Mx16 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. It may be used as main memroy unit for 
microcomputer, personal computer and portable machines. 


FEATURES | ° Fast Page Mode operation 
¢ Part Identification ¢ 2 CAS Byte/Word Read/Write operation 
- KM416C1000A/A-L (5V, 4K Ref.) ¢ CAS-before-RAS refresh capability 


- KM416C1200A/A-L (5V, 1K Ref.) 
= KM416V1000A/A-L (3.3V, 4K Ref.) 
- KM416V1200A/A-L (3.3V, 1K Ref.) 


e RAS-only and Hidden refresh capability 

¢ Self-refresh capability(L-ver only) 

°e TTL(SV)/LVTTL(3.3V) compatible inputs and outputs 
¢ Active Power Dissipation Unit : mW e Early Write or output enable controlled write 

nee een ne eee cmmmmma te ammnmaetes * JEDEC Standard pinout 

e Available in Plastic SOJ and TSOP(II) packages 

e Triple +5V+10% power supply(5V product) 

e Triple +3.3V+0.3V power supply(3.3V product) 








FUNCTIONAL BLOCK DIAGRAM 


Vcc 
Control Vss 
Clocks VBB Generator 


Refresh Timer 
ae, 
Refresh Control 
Refresh Counter 
AQ ~A11 _TO8’lRow Address Buffer 
(AO ~A9)*1 
Col. Address Buffer 


AO ~A7 
Note) “1 : 1K Refresh 


NO. | "| cycle | Normal | L-ver | nas 


° Performance range: 





6Q0 
to 
DQ7 



















Lower 
Data out 
Buffer 












ps & IO j 


Memory Array 
1,048,576 x 16 
Cells 


OE 


| 60ns_| 15ns | 110ns | 40ns_| 








DQ8 
to 
DQiE 


ense Am 


Ee 








Upper 
Data out 
Buffer 





Column Decoder 


(AO ~A9)*1 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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PIN CONFIGURATION (Top Views) 


°KM416C/V10(2)00AJ * KM416C/V10(2)00AT * KM416C/V10(2)00ATR 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


A11(N.C) 
A10(N.C) 





















2| PinFunction 


Row Address Strobe 


Upper Column Address Strobe 
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ABSOLUTE MAXIMUM RATINGS 


oe ee 
Parameter 
ee 


[tage on Ver spn revo Wee [ Vee [0s © 46 | 1 ws70 | V— 
a A 


Short Circuit Output Current 
























* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 


device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


a= 

Supply Vottage | Veo | 30 | as | ae | as | so | ss |v 
[Ground | ves ‘| o fo | o | 0 | o | 0 |v 
‘input High Vonage | Vw | at |. |veows"] ea |. | voor] v 
input Low vottage [ve | of | - | oe | ao?] - | 08 |v 


*1 : Vee + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 









< 






< 






< 





DC AND OPERATING CHARACTERISTICS ee operating conditions unless ae noted.) 


ee Leakage Current.(Any input 0<Vin<Vcc+0.3V, I) 
all other pins not under test=0 volt.) 
Output Leakage Current ia _5 
(Data out is disabled, 0V<VoursVcc) 4 
Output High Voltage Level(loH=-2mA) Set 
Output Low Voltage Level(lo.=2mA) Pp vo | - | o4 | v | 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, Ie) _5 5 LA 
all other pins not under test=0 volt.) 
Output Leakage Current lon: 5 
(Data out is disabled, ere ae a 
Output High Voltage Level(lon=-5mA) Se — ae rae oe 
Output Low Voltage Level(lo.=4.2mA) a ae 


an” - 
"ELECTRONICS : | 
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DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 









Don't care 


Don't care 


Don't care 





Icc1* : Operating Current (RAS ,UCAS,L CAS ,Address cycling @tRC= min.) 

lcce : Standby Current (RAS $-UCAS+LCAS=W=Vu} 

Iccs* : RAS-Only Refresh Current (UCAS=LCAS=Vih, RAS ,Address cycling @tRC=min.) | 

Icca* : Fast Page Mode Current (RAS=ViL, UCAS or LCAS, Address cycling @tPC= ue 

lccs : Standby Current (RAS=UCAS=LCAS =W=Vcc-0.2V) 

Icce* : CAS-before-RAS Refresh Current (RAS ; UCAS or [CAS cycling @tRC=min.) | 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(Vit)=0.2V, UCAS,LCAS= 0.2V, 
Din = Don't care, Trc= 31 25us(4K/L-ver), 125us(1K/L-ver), Tras=TRasmin~300 ns 

Iccs : Self Refresh Current | 
RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A11 = Vcc-0.2V_ or 0.2v, 


DQO ~ DQ15= Vcc-0.2V, 0.2V or Open 


*NOTE: Icc1, Iccs, loca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In !cc1, Iccs, 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, agaress can be. 
changed maximum once within one fast page mode cycle time tPC. 
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sd aad liaise 25°C, Vcc=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [AO - A11 


Input capacitance [RAS, UCAS,L 
Output Capacitance [DQO - DQ1 





AC CHARACTERISTICS (0°C<Tas70°C, See note 2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vil =2.4/0.8V, Voh/Vol =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vih/Vil=2.1/0.8V, Voh/Voi =2.0/0.8V 


Parameter ae : 3 Symbol re I< 


a 
[Read-mocifywrte cycletime =i; AWG | 165] ‘| 185) | eos] | 
fAccesstimefromRAS ———=SS~S~=*dRA=|~SSCs| GO| «| 7O| | *80_| AB (SATO 
fAccesstimefromGAS——=—s==SCS~=*iz@AS|SS«| St] | 20 | «| a0 |e a 
[Accesstime from column address «| A | «| 80 | | 88 | (| 40 | ns | 3.10 
[EAStoouputintowz ss | OT TO |) flo | (| | | 
[Output buiertum-offdelay——=SS=«dtSCOFF | 0 | 18 | 0 | ie | 0 | | ms] 6 
Transition time (rise and fall) 
FAS precharge time rae [ol [sot jo] [=| 
RAS pulse width tras | 60 | 10K { 70 | 10K | ao | 10K | ns | 
CASholdtime tH | oo | | off oo] ls | 
[EAS pulse with ———=——SSS*dt (tos ‘| 18 | 10K] 20 | 10K | 20 [TOK | ve | 
«5 | 20 | 50 | a | 6 | ms | 4 
[RAS 0 column address delay ime (| tad | 15 | a0 | 15 | 95 | 15 | 40 | ns | 10 
CAE wR pmctapetne [errs] ts] [Ts] [~=] — 
Row address setuptime | taSR_ | 0 | | oo | | co | ts | 
Row address hold time tRAH to] | to] [wf] [nm] | 
msc | o | | o | | of fos [in 
[Column address holdtime | CAH | to | | 5 | | ts | ns [ott 
Column address toRAS teadtime | tak | 30 | | 35 | | ao | tos | 
Read commandsetuptime | twrcs: | o | | o | | oo | | ls | 
Read command hold time referenced to CAS ARCH) 0s I = Oe ie I Sgr, — Sle mer | age | 
Read command hold time referenced to RAS ftrmRH_ | o | | o | | o | [ns] a | 
Write commandset-uptime | twos | o | | oo || lo | fs | 7 
[Write commandholdtime | tweH | to | | ts | | ts | | ms | 
Vite comand use wath_—[ we | 10 pis | | te | fs | 


is {| | a | [ns | | 
Write command to CAS lead time Pe ae ee ee 
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AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 













RAS to-CAS precharge time 


{CAS precharge time(CBR countertest cycle) [tcPT | 20 | | 25 | | 30 | | ns | 
Access time tromCAS precharge ss ftcpA_| | a5 | | 40 | | 45 [ns | 3 
FastPagemodecycietime | tPC | ao | | 45 | | 50 | i ns | 
Fast Page mode read-modity-write cycletime | tPRWC | so | | 95 | | too | | ns | 
CAS precharge time (Fastpage cycle) [tcp__ | 10 | | 10 | | 10 | | ns | 
AS pulse width (Fast page cycle) | tRASP | 60_| 200K| 70 | 200K | 80 | 200K | ns | | 
|RAS hold time fromCAS precharge | tRHCP | 35 | | 40 | | 45 | | ns 

OEaccesstime tA | | ts | | 20 | | 20 | rs | 
OE to data delay oeo | 1s | | 20] | 20 | ns | 
Out put butfertum off delay time from OE | toeZ_| o | 15 | 0 | 20 | o | 20 | ns] | 
OEcommandholdtime Ss tOEH | 15 | | 20 | | 20 | dns | 
RAS pulse width(C-B-A sett refresh) | trass | too | | too| | too |_| us | 18 | 
RAS precharge time (C-B-A selfrefresh) [tps | t1o | | 130 | | 60 | | ns 18 
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KM416C1000A, KM416C1200A | | « & 


KM416V1000A, KM416V1200A CMOS DRAM 
NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. ~ 

5. Assumes that tRCD2 tRCD(max). 

6. tOFF(max) defines the time at which the output achisves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD=2tCWD(min), 
tRWD2 tRWD(min) and tAaWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. | 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 





KM416C/V1 seaside Truth Table 








aa 
TET ai 
ae ne write 
A CO 
ce 


ex” _32 ss 
ELECTRONICS | Sa 


if 





es eee Oe 


Tr 





KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A_ CMOS DRAM 





11. tASC, tCAH are referenced to the earlier CAS falling edge. 

12. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. | | 

13. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

14. tCWL is specified from W falling edge to the earlier CAS rising edge. 


- 


050505050. 02024, ame QS SBOE IL ICH KDI KICK ICICI ICICI ICI ICICI 
ADD. SSS SCS OM Aacete, PRS 5555252555555 55.0 0555555525555 550529 


W 
tCWL | 


15. tCSR is referenced to earlier CAS falling low before RAS transition low. 
16. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 
[CCAS 


ve 


tCSR tCHR 


17. tDS, tDH is independently specified for lower byte Din(0~7), upper byte Din(8~15). 





DQO~ R899 92925925 90 RII IPCI HHI MK IM III IIS IOI KM MK MK KKK KML KIO II IHN IM MINK 
SOGOOOOOK vy 
POOF { din J RK KRIRRKK KKK KKK KKK RIK KK RKK KK KKK KKK 


DQ7 : 
tDS j (On 


DQ8~ BOO OOOO”). Din | ; <x XXX CX XM MM MIMIOK MII IMEI KM KKK KKH KK KX 
DQ15 SSCS SSSI ICI ICRI RK KOKI 





WwW 


18. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, | 
in order to meet refresh specification(L-version). 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


1M x 16Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 1,048,576 x16 bit Dxtended Data Out CMOS DRAMs. Dxtended Data Out mode offers 
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply 
voltage(+5.0V or +3.3V), refresh cycle(i1K Ref. or 4K Ref.), access time(-6, -7 or -8), power 
consumption(Normal or Low power ) and package type(SOUJ or TSOP-II) are optional features of this family. 

Ail of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 1Mx16 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. It may be used as main 


memroy unit for microcomputer, personal computer and portable machines. 





FEATURES e Extended Data Out mode operation 
¢ Part Identification (Fast Page mode with Extended Data Out) 
- KM416C1004A/A-L (5V, 4K Ref.) ¢ 2CAS Byte/Word Read/Write operation 
- ip oo Os ea pie : , ¢ CAS-before-RAS refresh capability 
2 - ef. Dre : rr 
oe e RAS-onl d Hidd fresh | 
- KM416V1204A/A-L (3.3V, 1K Ref.) Ea Se eae eee) cabana 


¢ Self-refresh capability(L-ver only) 
¢ Active Power Dissipation Unit : mw e TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 


2 SS ae e Early Write or output enable controlled write 
sipped aa Tae * JEDEC Standard pinout 
rs [ ae s00 0 “a0 ¢ Available in Plastic SOJ and TSOP(II) packages 
| 288 | 504 | 495 | 825 | ¢ Triple +5V+10% power supply(5V product) 
Fag [pet [aes oe ¢ Triple +3.3V+0.3V power supply(3.3V product) 





¢ Refresh cycles FUNCTIONAL BLOCK DIAGRAM 


. Part Refresh... Sees period 

NO. cycle | Normal | 
Control 
Clocks . 


| Normal | bs Eaver 24 -ver 
C1004A| 5V 
itk5 om 
ee 


V1004A 






Vcc 


Vss 
VBB Generator 

















DQO 
to 
DQ7 













ul 


¢ Performance range: 












Lower 
Data out 
Buffer 






















Memory Array 
























Data out 
Buffer 


i Serse Amps & IO ' 
wa 


Speed; tRAC | tCAC tHPC. SS Binene cull 1,048,576 x 16 ages oe 
| -6 | 60ns | 17ns | 7ns | 104ns — 04ns | 25ns_ | Cells Das 
Buffer 
ms t 
70ns 20ns | 124ns | 30ns | my PP iRow Address Buffer] Ta : : ne 






Te | 80ns_[~20ns | 144ns | 3éns 





AO ~A7 


Col. Address Buffer 
(AO ~AQ)*1 


Note) *1 : 1K Refresh 





Column Decoder 





SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


=x ~~ ~ 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A | CMOS DRAM 


PIN CONFIGURATION (Top Views) _ 









¢ KM416C/V10(2)04AJ © KM416C/V10(2)04AT ¢ KM416C/V10(2)04ATR 
: VCCIL}1 o -O Vss 1 
HDQI5 DQO 42 FO DQ15 2 
4ohpai4  Lelms -UDQi4 3 
DQ2 m]4 [ pai3 4 
J DQ12 VCC TI6 T_T Vss 6 
DQ4 17 TO DQ11 7 
Bee I 8 0 DQ10 8 
Q6 m9 0 DQY 
35PDQ10  4G7 424 = See : 
N.C 11 TON.C { 
bh UCAS N.C 1412 -O N.C 
a N.C 113 FOLCAS 
-O UCAS 
RAS Tryi15 Tr OE 


Aii(N.C) 116 [oO Ag 


A10(N.C) —O Ag 
AO 118 — A7 
Al ©2119 “AG 
A2 ©1020 AS 
A3 Jo no A4 





* Note : (N.C ) --> 1K Product 


Data Outputs Enable id: 


| PinFunction ts 





KM416C1004A, KM416C1204A | = 
KM416V1004A, KM416V1204A CMOS DRAM 


pee eggs 


Welle on any pin relative to Vss -0.5 to +4.6 -1 to +7.0 Lowe 
Voltage on Vcc supply relative to Vss Ee | -0.5 to +4.6 -1 to +7.0 aaa 
Storage Temperature 55 to+150 | -55 to +150 


Power Dissipation 
Short Circuit Output Current 


ABSOLUTE MAXIMUM RATINGS 






Parameter 





























* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | | 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 






"Parameter 


Co om a el 
rGround «| ~We | o | 9 | o | 0 | o | 0 |v 
‘input High Votage| Vm | ai. [vend] 24 |. | veo | v 
‘input Low Voltage | vu | 0s? |. [| 08 [| s0?] | 08 |v 


*1: Vcc + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at Vcc. 
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss. 














DC AND OPERATING CHARACTERISTICS eave ence? operating conditions unless otherwise noted.) 


Input Leakage Current (Any input O<VinsVcc+0. 3v, 

all other pins not under test=0 volt.) 

Output Leakage Current 

(Data out is disabled, OV<VouT<Vcc) 

Output High Voltage Level(lo#=-2mA) pee 
Output Low Voltage Level(lo.=2mA) pe ee 


Input Leakage Current (Any input O<Vin<Vcc+0.5V, 
all other pins not under test=0 volt.) 
Output Leakage Current 5 
SV (Data out is disabled, OV<Vout<Vcc) 
Output High Voltage Level(loH=-5mA) Letetetnnee 
Output Low Voltage Level(loc=4.2mA) | Vo | - | 04 | 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






|}. Speed Eeescun oie oe 
| KM416V1004A | KM416V1204A | KM416C1004A | KM416C1204A | 


-6 90 150 * 100 | 160 
Icc1 | Don't care -7 80 140 90 150 mA 
-8 70 130 80 140 mA 
Normal ; 2 2 2 2 mA 


-6 90 - 150 100 160 mA 
Don't care -7 80 140 90 150 mA 
. -8 70 130 80 140 "mA 








. 110 120 120 130 
Don't care 100 110 110 120 
90 100 100 110 





Normal | pon't care 1 1 1 | 
L 200 200 © 200 uA 


| 90 150 100 160 mA 

Ponta | 80 140 90 150 mA 
8 70 130 80 140 mA 

| & [Pontes | zoo | moo] eo] 


Icc1* : Operating Current (RAS ,UCAS,L CAS ‘Address cycling @tRC=min.) 

—|Iece : Standby Current (RAS=UCAS=LCAS=W=Vu ) 

Icca* : RAS-Only Refresh Current (UCAS=LCAS=Vin, RAS ,Address cycling @tRC=min.) 

Icca* : Hyper Page Mode Current (RAS=ViL, UCAS or LCAS, Address cycling @tHPC=min.) 

Ices : Standby Current (RAS=UCAS=LCAS =W=Vcc-0.2V) 

Icce* : CAS-before-RAS Refresh Current (RAS , UCAS or LCAS cycling @tRC=min.) 

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, UCAS, LCAS= 0.2V, 
Din = Don't care, Trc= 31.25ys(4K/L-ver), 125us(1K/L-ver), TRas=TRasmin~300 ns 

Iccs : Self Refresh Current | : | 
RAS=UCAS=LCAS=Vi_, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, 
DQ0 ~ DQ15= Vcc-0.2V, 0.2V or Open 







*NOTE:  Icc1, Icca, lccs and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Viz. In Icca, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 


am a is 
. Fi FCTRNNICS | | on oa 





KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 


CAPACITANCE(Ta=25°C, Vec=5V or 3.3V, f=1MHz) 


Parameter 


Input capacitance [AO - A11 


Input capacitance [RAS, UCAS,LCAS, W, OE] 
Output Capacitance [DQO - DQ15] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vil =2.4/0.8V, Voh/Vol =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V+40.3V, Vin/Vil =2.1/0.8V, Voh/Voi =2.0/0.8V 






Soe eee a ee ee 
CA oupwtintowZ ————SSsS—“~ir SP | CT | df] 8 
(CEtoouputintowz ——S—S—~—CS~—t CP | CT | CP | 
[Output buferturvoft delay romGAS | wez | a | 16] a | 2%] 3 | # | we [61 
FTranstion time (ise andiai) ~~~ +f 2 | so] 2 | so] 2 | so | =| 2, 
[RAS pulse with __————~—~—~S~ aS | 60 | TOK] 70 | 10K] 80 | 10K | ms | 
RASholdime —SsS—~—C~S—<ir RSH ||P OT ol 
[cASnoltime _——=SsS~S tS | gO] Pw TPO] | 
[EAS pulse wah ——S~S~S~S~S twas | 10 | TOK] 15 | TOK | 20 [10K | os | 
FAS CAS delaytine ‘it reo | 20 | «a | 20 | 60 | 20 | oo | | 4 
[RAS to colurm adress delay time | wRaD | 16 | 00 | 15 | a5 | ts | 40 | ns [10 
[GAS IOFAS precharge time __——~‘ erp | s | [sl] [s| |] 

Row adeess setuptme it ws | o | fof {ol || 
ow address holdtime —~—SS—~d RAH | 10] | 10 | [to] | =| 
[Coumn address setuptime ——=istwsc.-|o | | of |o] || ™ 
[Column address hotdtime _—~ijrcan | 10 [st as] | me | 4 
[Column address to RASleadimme if mae_| go | | as | [a] [=| 
[lead command hold time referencedtoGAS | wc | o | | o | }o] |=] 6 
Ressconmendroinereencesionas [ara [0 [Lo fe [Ps To 
[Wrtecommandsetuptimc | wes | 0 



































en ~ 
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AC CHARACTERISTICS oe 








"Parameter 


eT am CG 
an 
Dataholdtine —~—S~S~sOM | GY «|i ts |i poo 
Reresh porodtiK Noma ———~SC~C~*~wrR =| te |e] ee] 
Retresh period @K,Normal) ___—=~S=«dRER~| «| oe] oe |i (oe fms | 
Refresh poroatl ven ——~S~d REF S~*dtCee |i ee | (| ae [ms 
EAStoWdeyime ——=SC=~=C~srCW SY || | |e |e 
RAStoWdelaytime _——=~S~*wRWO | 7@ || ee] [ioe] [as | 7 
Column address to Wdelaytime __——‘[wawo | ao | | so] [| [ms | 7 
ES precharge toW delay time —[rcpwo| 6a || 64 | | 9 | [ns | 
|CAS setup time (CAS-before FAS reheat) [tesa | s || 5 | | 10] [es | ve 
ERS hold time (CAS-before FAS refresh) [tH | 10 | | 10] | 10 | [rs [19 
RAS toCKS prechargetime rpc |_s || s | | 5 | [m=] 
EAS precharge te(CBR courterteat cycle) [ecpT | 20 | | 2 | | a0 | [ns | 
Access tine from CAS precharge _—+(tcPA| | | | #0 | | 4 [ns | 3 
yper Page mode cycletime ——~—~«itMpc =| as || a0 | | as | ne 

Hyper Page mode read-modiy-wrte oyietime| PRWG se | | 71| | 61 | [rs | 1 
CASpeaysineriperageoee) fer [ro [| w | | vo | fs [is 
RAS pulse wh (Hyper page cyoe) [ASP |_60 | 200K| 70 | 00% | a0 | 200K | ns 

RAS holdtine from CAS precharge _[trnc | as | | 40 | | 8 | [ne 

OE accesstime ——SSC«ittEA |i || eo || pw 
OE olay oro |_|] f= | 
Out putbuter tun of delay tine tom OE |toez | a | ws] 22 | o | 2 |r| 6 
OE commandhoidtime = SSC*d( EH | se || 2] | 2] |r| 
arr aS Mm ad 
Outputbuttrtum off delay fom AAS _[tnez | 3 | 15] s [20 | s | 20 [ns [eas 
utputbutertum off delay tromW _[twez_|s | 15 | s | 20 | s | 20 [ns | 6 
Wiodetadeey ———SSSC~s wD Pts || eo] | ao] | 
OE CASholdime————S~stoc fs |) | dls | | 
CAShddimetwOE——SSS~s gH Ps | | ds | ds | 
DE pectargetne ‘wer ts | [5] |s | [m| 
Wpuisewidh SSS tw | Pt | | 
RS pulse wiat(G-O sot erect) [mass | 100 | 100] | 10 [us | 2 
RS precharge tine C-B-Fiset retest) [taps | 110 | | 190 | | 150] [ns | 12 
CAS holdtine C-B-R sottretesn [rons | so] | sol | -so| [ns | 12” 
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KM416C1004A, KM416C1204A 


KM416V1004A, KM416V1204A CMOS DRAM 
NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vin(min) and ViL(max) and are assumed to be 2ns for all inputs. | 

3. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2= tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 





referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2= tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in ney write cycles and to the W leading 

edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 


KM416C/V10(2)04A/A-L Truth Table 













ac a 
Cx [we [we een 
Ti. [soot [iz | oye read 
Tt [wz | scout | eyenees 
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KM416C1004A, KM416C1204A | 
KM416V1004A, KM416V1204A CMOS DRAM 


11. tASC> 6 ns, Assume tT = 2.0 ns 

12. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 
in order to meet refresh specification(L-version). 

13. if RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


| sg tC 


og 





0.050.050. 0.0, QBSBSSBBSBBSBSOIOIOII KIKI KIKI HPO KICK K CK KICK KIC 
ADD. SSO CSS COM Adder, PSS 0525555255255 555255255 5555555955255 550606 
: tCWL 


18. tCSR is referenced to earlier CAS falling low before RAS transition low. 
19. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 
crs | 
oc AL 


tCSR tCHR 


20. tDS, tDH is independently specified for lower byte Din(O~7), upper byte Din(8~15). 





tDS | 
0.0. 0.0.0.0. 9.0.0 a j 
DOT RRM Din Pee seseseseqswesee reser SR RN KIRN KK RIKKI KIRIN 
tD Ss F tDH 
DQ15 SRR RRRRRR RRR KKK RSS RR 


<= —™\ 








Target 
KM432V502, KM432V522 , CMOS DRAM 





512K x 32Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 524,288 x 32 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(iK Ref. or 4K Ref.), access time( -7 or 
-8), power consumption(Normal or Low power) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 512Kx32 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 





FEATURES ¢ Fast Page Mode operation 

° Part Identification ¢ 4 CAS Byte/Word Read/Write operation 
- KM432V502/-L (3.3V, 4K Ref.) ¢ CAS-before-RAS refresh capability 
- KM432V522/-L (3.3V, 1K Ref.) ¢ RAS-only and Hidden refresh capability 


¢ Self-refresh capability(L-ver only) 
¢ LVTTL(3.3V) compatible inputs and outputs 
e Active Power Dissipation Unit : mw e Early Write or output enable controlled write 
: ‘Active’ Power a = ¢ JEDEC Standard pinout 
: ae e Available in TSOP(II) package 
e Single +3.3V+0.3V power supply 








° Refresh — | FUNCTIONAL BLOCK DIAGRAM 


: atest fue 









| _ Normal : RAS Wee 
= 128ms ~CAS3 Clocks = 
W . 














DQOo 
to 
DQ15 









Lower 
Data out 
Buffer 


Refresh Timer 


ae: 
Refresh Control 
Refresh Counter 
AO ~A11 _To Row Address Buffer 












e Performance yange® 


[-8 | 80ns | 20ns | 750ns | S0ns_ 





Memory Array 
524,288 x 32 
Cells 











DQ16 
to 






: 


(AO ~A9)*1 DQ31 
AO ~A6 Col. Address Buffer Column Decoder 
(AO ~A8)"1 


Note) *1 : 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 





ELECTRONICS 


| Target 
KM432V502, KM432V522 CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM432V502T ¢ KM432V502R 

lo VSS Vss 1 
2 DQ31 DQ31 2 
3 DQ30 DQ30 : 
4 DQ29 DQ29 4 
5 paes Da2s : 
6 vss Vss 6 
7 DQ27 DQ27 7 
8 DQ26 DQ26 8 

DQ25 DQ25 9 

DQ24 DQ24 

N.C N.C 

DQ23 DQ23 

DQ22 DQ22 

DQ21 DQ21 

DQ20 | DQ20 

VSS Vss 

DQ19 DQ19 

DQ18 DQ18 

DQ17 DQi17 G51 

DQ16 DQ16 

N.C N.C 

CREO CASO 048 

CAS CAS1 047 

CASO CAS2 46 

WwW W 

OE OE 

N.C N.C 

A11(N.C) : A11(N.C) 

A10(N.C) A10(N.C) 

AQ AQ 

Ag A8 

A7 A7 


Vss vss 
* (N.C): 1K Ref. Product 













‘PinName| PinFunction 
}pao-31 |DataivOut 


2nd Byte Column Address Strobe. 


3rd Byte Column Address Strobe 


Be 









[Ath Byte Column Address Strobe 
Ve 
Nc____[NoConnecton 







iia 
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ELECTRONICS 


| Target 
KM432V502, KM432V522 | | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 








a Syme [ang 
[Power Dissipation —=~S~=~‘idtSC‘ YS SC*dCOW 
[Short Circuit Output Curent’ tes 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 









RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


“Parameter =| Symbol | Min | Typ | Max. 
Vos 
[Ground SiS 
| InputHigh Voltage [| Vm] 
| 03? | 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2: -1.3V at pulse width < 15ns (pulse width is measured at Vss) 












Parameter 









DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
Input Leakage Current (Any input O<Vin<Vcc+0.3V, 


all other pins not under test=0 volt.) ps | 5 | wa 
Output Leakage Current eg 4 
(Data out is disabled, OV<VouTsVcc) | | v0 





Output High Voltage Level(loh=-2mA) 


OH 
Output Low Voltage Level(lo.=2mA) 
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ELECTRONICS 








| | : Target 
KM432V502, KM432V522 CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


-7 80 
Don't care -8 70 
| porteae | oontewe | 1 


Don't care gf 80 
| -8 70 


Don't care -7 70 
-8 60 


; 
-8 


foe fe 
re 


Icc1* : Operating Current (RAS ,XCAS ,Address cycling @tRC=min.) 
lcce : Standby Current (RAS=XCAS=W=Vu ) 
Icca* : RAS-Only Refresh Current (XCAS=Vin, RAS ,Address cycling @tRC=min.) 
Icca* : Fast Page Mode Current (RAS=Vit, XCAS, Address cycling @tPC=min.) 
Iccs : Standby Current (RAS=XCAS=W=Vcc-0.2V) 
Icce* : CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode 
Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, XCAS= 0.2V, 
Din = Don't care, Extended Trc= 32.3us(4K)/125us(1K), TRas=Trasmin~200 ns 
Iccs : Self Refresh Current 
RAS=XCAS=0.2V, W=OE=A0 ~ A11 = Vec-0.2V_ or 0.2V, 
DQO ~ DQ31= Vcc-0.2V, 0.2V or Open | 





*NOTE: Icc1, Icca, lcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VIiL. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 


ELECTRONICS 








| Target 
KM432V502, KM432V522 | CMOS DRAM 





CAPACITANCE(T»=25°C, Vec= 3.3V, f=1 MHz) 


‘Parameter 


Input capacitance [AO - A11 


Input capacitance [RAS, XCAS, W, OE] 
Output Capacitance [DQO - DQ31] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 2) 
Test condition : ee Vin/Vit =2.2/0.8V, Voh/Voi =2.0/0.8V, Output Loading CL = 50pF 


— De Symbols | Units | Notes 


pander read or ‘write reyes ne | PF tre [1390 | CTs «| idT ots T 
Read-modify-write cycle time 185 pF 208 nee | 
Access time from RAS | tRAC | es 
Access time from CAS | 1cAcC || al 
Access time from column address | AAs Po od 
CAS to output in Low-Z mz | of | o | |=) s_ 
Le Pe 
23 om 





Output buffer turn-off delay pons | 6 
Transition time (rise and fall) 3 3 50 | ns | 2 
| 80 | faa 

7 

fal 


RAS pulse width 10K 
RAS hold time poamsH | 20 | | ao | os 
CAS hol time Tose | 7 | | eo | | ss 
RAS to CAS delay time | tRcD | 20 | 50 | 2 | 60 | ns | 4 | 
RAS to column address delay time | trad | 15 | 35 | 15 | 40 | ns | 10 | 


CAS to RAS precharge time ee 
Row address set-up time | wsh foo || co | Cs | 
Row address hold time | tRAH | oto | | to | rs | 
Column address set-up time | ase Os eg. Wl ei ey 
Column address hold time ptcaH | 5 | | ts | ts | 
Column address to RAS lead time | tRAL | 35 || lg |i ts | 
Read command set-up time a 
Read command hold time referenced to CAS Ba} a fp a 
Read command hold time referenced to RAS | tRRH | oo | 

| Write command set-up time ed ee 
Write command hold time | twee {| ts | | is | ts TO 
Write command pulse width a 
Write command to RAS lead time —orwe | ts | | ts | 
Write command to CAS lead time —tcwe | is | | lo | ls | 
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ELECTRONICS 











aan | Target 
KM432V502, KM432V522 _ CMOS DRAM 


AC CHARACTERISTICS (Continued) | Sos 








Parameter 


i 
a ZO 
Refresh period(1K, Normal) | REF | | 6 | | ms | 
Pata Nema) wee fe | [me | 
Refresh period(L-ver) = |S REF | | 128 | | 128 | ms | 
CASIoWdelaytime ———~=SSSCS~=~rtSCtYw ||] 
RAStoWdelaytme ——~—~SC*dtCSRWD | 95 | «| 05] ns | 
Column addesstoWaelaytine ‘| -tawo | 60 | | 68 | | me | 7 
CRS prechargetoWdelaytime ——+| topwD | 65 || 7 | | ms |_| 
CAS set-up time (CAS-before-RAS refresh) | tcSR_ | 5 | | 6 | | ms | 
CAS hold time (CAS-before-AAS refresh) | (CHR | 10 | | 0 | | > | 
RAS toCAS prechargetime =—=ss—s§ § Ss| RPC | S| | S| Ts | 
CAS precharge tme(CBR countertestoyel) | rcpt | 25 | | 90 | | ms | 
Access tine from CAS precharge «| CPA*| | || S| 
FastPagemodecycietme ss —s| «tPCT | S| | | fs | 
Fast Page mode read-modify-write cycle time | tPRwC | 95 | | 100 | | ns | 
CAS precharge time (Fastpage cycle) | P| 10 | | 10 | | | _ 
RAS pulse width (Fast page cycle) _—S=——s«|stRASP_ =| ~—70_| 200K| 80 | 200K| ns | | 
RAS hold time from TAS precharge ss | stRHCP | 40 | | 45 | | ots | 
OE accesstime (<a | CHEAT | || ts | 
OEtodatadelay  ==—s—s§“ —Cts—‘iL:«étOUED «SCL «SCO | | | ts | 
Out put butter turn offdelay timefromOE «| toEZ_—| =o =| 20 | Oo | 0 | os | 
OEcommandholdtime ss Ss |«SHOEH | 20 | | 20 | Ts | 
RAS pulse width(C-B-F self refresh) =| tRASS | too | —|_ too | S| us | 8 | 
RAS precharge time (C-B-R self refresh) | traps | 130 | | 150 | | ons | 18 | 

[fo | | me | te 


CAS hold time (C-B-R self refresh) tCHS -50 -50 


































ELECTRONICS 


Target 
KM432V502, KM432V522 CMOS DRAM 


NOTES 

1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. tOFF(max) defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. !f tCWD2 tCWD(min), 
tRWD2 tRWD(min) and taWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 

~ output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 


KM432V50(2)2 Truth Table 


Pew PP [poor | we [we |e [ad 

pepe pw pepe [we | poou [we [we [ove ae 
reef ete eta fe] 2 | m2 [coor | 2 [evonee 
Tepe e Pete [ete we [we [nz [00007 ove roed 
Pepe te [2 [ae our coor | coor | 00-00r [ewer nes 
ee 

refetatatelep | con | | _[ovewne 
0 
Cepeda ete eel Dc ene ite 
A 
Pee Peta Poe oe [oe 
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ELECTRONICS 





Target 


KM432V502, KM432V522 CMOS DRAM 





10. 


11. 
12. 


13. 
14. 
15. 
16. 
17. 


18. 


Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled 
by tAA. 
tASC, tCAH are referenced to the earlier CAS falling edge. 
tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 
tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 
tCWL is specified from W falling edge to the earlier CAS rising edge. 
tCSR is referenced to earlier CAS falling low before RAS transition low. 
tCHR is referenced to the later CAS rising high after RAS transition low. 
tDS, tDH is independently specified for 1st byte Din(O~7), 2nd byte Din(8~15), 3rd byte Din(16~23), 
4th byte Din(24~31). | 
4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 
in order to meet refresh specification(L-version). 








ELECTRONICS | 


| Target 
KM432V504, KM432V524 CMOS DRAM 





512Kx 32Bit CMOS Dynamic RAM with Extended Data Out 


DESCRIPTION 


This is a family of 524,288 x32 bit Extended Data Out CMOS DRAMs. Extended Data Out mode offers high 
speed random access of memory cells within the same row, so called Hyper Page Mode. Refresh cycle 
(1K Ref. or 4K Ref.), access time ( -7 or -8), power consumption(Normal or Low power ) are optional 
features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further 
more, self-refresh operation is available in Low power version. 

This 512Kx32 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS 
process to realize high band-width, low power consumption and high reliability. 





FEATURES e Extended Data Out mode operation 
¢ Part Identification (Fast Page mode with Extended Data Out) 
- KM432V504/-L (3.3V, 4K Ref.) ¢ ACAS Byte/Word Read/Write operation 


- KM432V524/-L (3.3V, 1K Ret.) ¢ CAS-before-RAS refresh capability 


¢ RAS-only and Hidden refresh capability 
° Self-refresh capability(L-ver only) 
¢ Active Power Dissipation ato * LVTTL(3.3V) compatible inputs and outputs 


7 3 oe e Early Write or output enable controlled write 
Sent Active Power Dissipation 

- Speed e JEDEC Standard pinout 

¢ Available in Plastic TSOP(II) packages 
[8 | 88 468 









¢ Single +3.8V+0.3V power supply 


e Refresh cycles FUNCTIONAL BLOCK DIAGRAM 
Part | Refresh 2 Refresh time. 
NO. | eee. 






























































RAS Vcc 
CASO Control 
aie Vss 
504 64ms 128ms ~ CAS3 Clocks VBB Generator = 
Data in 
Buffer DQO 
to 
Lower DQ15 
eae, Data out 
2 Buffer 
D 
° Performance range: wy ay OE 
— an Refresh Counter 524,288 x 32 = ic 
C Cells & DQI6 
ee EAC 4 ae we AO ~A11 TS tRow Address Buffer 5 to 
AO ~AQ)*1 DQ31 
20n ( 
| -8 | 80ns | 20ns | 150ns fio hg tai nacress bumher [2] Column Decoder 
(AO ~A8)"1 


Note) *1 : 1K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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ELECTRONICS 








.o Target 
KM432V504, KM432V524 it | | CMOS DRAM 


PIN CONFIGURATION (Top Views) 


¢ KM432V50(2)4T ¢ KM432V50(2)4R 
Vec 1o VSS vss 1 
DQO 2 DQ31 DQ31 2 
pai G3 Da30 DQ30 3 
paz 04 pa29 DaQ29 2 
pa3 05 paza pa2s S 
Vec 6 Vss VSS S 
DQ4 7 DQ27 DQ27 7 
DQ5 8 DQ26 DQ26 8 
pas DQ25 DaQ25 9 
DQ7 DQ24 DQ24 
N.C N.C N.C 
Vee vss VSs 
DQ8 DQ23 DQ23 
DQ9 DQ22 DQ22 
pai0c Da21 DQ21 
pati Daz0 DQ20 
Vec vss VSS 
DQ12 DQi9 DQ19 
DQi13 C DQ18 DQ18 
DQ14 U DQ17 DQ17 
DQ15 U DQI16 DQI6 
N.C N.C N.C 
N.C CASO CASO | 
N.C CAS CAS1 
N.C CAS2 CAS2 
N.C CASS CAS3 
RAS Ww W 
AO OE , OE 
Al N.C N.C 
A2 A11(N.C) Ai1(N.C) 
A3 A10(N.C) A10(N.C) 
A4 AQ AQ 
aE AB A8 
ae Az | AT 
i Vss VSS - 





* (N.C) : 1K Ref. Product 





io 
Address Inputs 7 
Data In/Out © 


RAS Row Address Strobe 


1st Byte Column Address Strobe 


2nd Byte Column Address Strobe 









|OE _| Data Outputs Enable 
Power(+3.3V) | 


ELECTRONICS 








| | Target 
KM432V504, KM432V524 CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


Valiege on any pin ene to Ves "0. 5 ‘to “‘Veo+0. 5V 
-0.5 to +4.6 


am 
Vv 
[ss eno |e 
Cw 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS MoM referenced to Vss, Ta= 0 to 70 oT 









Parameter —s|| -_—- Symbol | 
~ Supply Voltage ae" nm aT 
Ground es 





Input High Voltage | Vm | 2 | | oct | 
InputLow Voltage | Me | 8% | | 


*4 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2: - 1.3V at pulse width < 15ns (pulse width is measured at Vss) 


<= 





< 





se AND 2 OPERSING id gs deck a ae a ee salads conditions ieee otherwise noted. o 


Input Leakage Current (Any input O<Vin<Vcc+0.3V, li) 6 

all other pins not under test=0 volt.) 

Output Leakage Current iat 5 
a ceca out is disabled, OV<Vout<Vcc) 2 
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ELECTRONICS 





Target 


KM432V504, KM432V524 CMOS DRAM 
DC AND OPERATING CHARACTERISTICS (Continued) | 


ioc" 
Icc2 


* 


Icc3 


Icc4* : 
Iccs : 
: CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 


* 


Icce 


Icc7 : 


Iccs 





Don't care 


: Operating Current Saati XCAS ,Address cycling @tRC=min.) 
: Standby Current (RAS=XCAS=W=Vun ) 
: RAS-Only Refresh Current (KCAS=Vin, RAS ,Address cycling @tRC=min.) 


Hyper Page Mode Current (RAS=Vit, XCAS, Address cycling ore) 
Standby Current (RAS=XCAS=W=Vcc-0.2V) 


Battery back-up current, Average power supply current, Battery back-up mode 
input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, XCAS=0.2V, : 
Din = Don't care, Extended Trc= 32.38(4K)/125s(1K), Tras=TrRasmin~200 ns 


: Self Refresh Current 


RAS=XCAS=0. 2V, W=OE=A0 ~ Att = Vcec-0.2V or 0.2V, 


DQO ~ DQ31= Vcc-0.2V, 0.2V or Open 


*NOTE:  Icc1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, .Iccs, 
and Icce, address can. be changed maximum once while RAS=Vic. In Icca, address can be 
changed maximum once within one Hyper page mode cycle time tHPC. 





ELECTRONICS ae 


Target 
KM432V504, KM432V524 | CMOS DRAM 


cites dea ae 3.3V, f=1 wn) 


Input eapacitanes AO - M1 


Input capacitance [RAS, XCAS, W, OE] 
Output Capacitance [DQO - DQ31] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 
Test condition : Vcc=3.3V+0.3V, Vin/Vi =2.2/0.8V, Voh/Voi =2.0/0.8V 


Random read or write cycle time a 
Read-modify-write cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 
Transition time (rise and fall) 

RAS precharge time 

RAS pulse width 

RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 


RAS to column address delay time 
CAS to RAS precharge time 
Row address set-up time 


Row address hold time 

Column address set-up time 
Column address hold time 
Column address to RAS lead time 
Read command set-up time 


Read command hold time referenced to CAS | tRCH | oF | | 0 [| | ns | 
Read command hold time referenced to RAS eet 
Write command set-up time wos | of ft o | tm{7 


Write command hold time tWCH 
Write command pulse width 
Write command to RAS lead time tRWL 
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er, Target 
KM432V504, KM432V524 | _... . CMOS DRAM 





AC CHARACTERISTICS (Continued) 

















aaah Syebol wu ' 


Wile commando CRSieadiime_——-jrewe | 15 |_| 20 |_| es | iv 
Detasstuptime ————=SsSsSSC~—rOSSCP | SSC*d Cd 
Dataholdtime Ht | so | 
[Refresh peiod(1K, Normal) REF || 16 || 6 ms | 
Refresh period(4K, Normal) wer | | HTT ms | 
Refresh period(L-ver) REF | | 128 || 28 | ms | 
CAStoW detaytime ——~S~S~d SY wd 
FAS to W delay time tAwo | 94 | | toa | 
Column address to W delay time ftawD {| 59 | £| 6 | | 


CAS precharge to W delay time 


CAS hold time (CAS-before-RAS refresh) 









RAS to CAS precharge time 


A 
CAS precharge time Hyper page cycle) CP} 10 | 
RAS pulse width (Hyper page cycle) tRASP 

FAS hold time from CAS precharge trHcp | 40 | | 45 | ts | 





Tfoez | s [a [sf [me [o 
OE command hold time —_{toen | 20 [| | 2 | inst | 
Output dataholdtime = OH | || Td ns | 
Output buffer turn off delay from FAS wmez | 3 | 2 | 3 | 20 |ns |613, 
Output buffer turn off delay fromW ss |tWEZ | 3 | 20 | S| 0 | is | | 
WWtodatadelay =ss—s§“ 3S Ste | oo || tts | 
OE to CAS hold time er sh HOCH! Vere an Yas eB te NO | 
TASholdtimetoOE = —Céi CHD |S fs | S| CTs | 
||OEprechargetime sss tee | ls | CT CTT ts | 
Wopuisewith ss —“‘idtE | | ts | 
RAS pulse width(C-B-R self refresh) _—=s|[tRASS | 100 | ~—Ss|—t00-|| sus | 122 | 
RAS precharge time (C-B-R self refresh) ‘Ps | 130 | =| 10 | ~~ [ns { 12 | 
CAS holdtime (C-B-Rself refresh) Ss [tcHs | -so_ | | so | | ns | 12 | 
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ELECTRONICS 


Target 
KM432V504, KM432V524 | CMOS DRAM 





NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS 
refresh cycles before proper device operation is achieved. 

2. ViH(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are 
measured between Vix(min) and Vit(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 50pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). | 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Vou or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycie is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 

Satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 


KM432V50(2)4 Truth Table 









RAS |CAST |CAS2 |CAS3|CAS4| W_ CE] pao -Da7 | Das- an. Da16 - DQ23|Da24 - DA31| 


VEC 
Sa | 

repeat [wpe [ooo | we | we |W [ove need 
Tete wtetepe we [coo | me [er lovee 
Pepe peepee hel we | we | cour] 2 loyenme 
Pepe pepe tw fete cow | | | dovevine 
re ed 
es ed 
ee ed 
Pepe Pee Ta caw [oon [oo [oon loworawne 
Peer pee Teale [owe [oe Doe 


«am 


Fi FeTRONILS 
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| Target 
KM432V504, KM432V524 CMOS DRAM 


11. tASC2 7.0ns, Assume tT = 2.0 ns 

12. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh, 
in order to meet refresh specification(L-version). 

13. If RAS goes to high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CAS goes to high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. | 

14. tASC, tCAH are referenced to the earlier CAS falling edge. 

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the 
next cycle. 

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle. 

17. tCWL is specified from W falling edge to the earlier CAS rising edge. 


CASx> | 


OSS SA OOF EXO III III OKO KK KOO 
ADD. SESSSSM Ader, RO eee SN 


W 
tCWL 


18. tCSR is referenced to earlier CAS falling low before RAS transition low. 
19. tCHR is referenced to the later CAS rising high after RAS transition low. 


RAS 
CASx 
cH AL 7 


tCSR tCHR 
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64M 


KM48V8000 
KM48V8100 
KM44V16000 
KM44V16100 
KM48V8000A 
KM48V8100A 
KM44V16000A 
KM44V16100A 





PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 





8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMSs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or-7) are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES « Fast Page Mode operation 
e Part Identification ¢ CAS-before-RAS refresh capability 
- KM48V8000 (3.3V, 8K Ref.) ¢ RAS-only and Hidden refresh capability 


- KM48V8100 (3.3V, 4K Ref.) ¢ Fast parallel test mode capability 


e LVTTL(3.3V) compatible inputs and outputs 
e Early Write or output enable controlled write 
Unit : mW e JEDEC Standard pinout 
SEL e Available in Plastic SOJ package 
¢ +3.3V+0.3V power supply 


e Active Power Dissipation 





ieee FUNCTIONAL BLOCK DIAGRAM > 
: Refresh" : | 
O. | cycle | ; 





"Refresh n period 






RAS 
CAS 












Refresh Timer 
<—————— 
Refresh Control 
Refresh Counter 
AO ~A12 TL lRow Address Buffer 


° Eetommanes a 


ee one {tare [ | Sone 
/-6 | 80ns | 1Sns_| 110ns | 40ns_ 









Memory Array 


8,388,608 x 8 E i 
Cells ’ 











2 
& 
Column Decoder 


(AO ~A11)*1 Data out 
(AO ~A10)*1 


Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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| a _ PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


PIN CONFIGURATION (Top Views) 


° KM48V80(1)00J 


Vss 
DQ7 
DQ6 
DQ5 
DQ4 
Vss 
CAS 
OE 
N.C 
A12(N.C) 
A11 





*():N.C for 4K Refresh product 













z. LE 


AQ-A12 | Address Inputs(8K Product 
AO - A11 Address Inputs(4K Product 


ae 
Su 
sae 

aor Ee 
iia BER 


'LRAS | RowAddress Strobe 
Column Address Strobe 


-/ 
ss 
CW | Readwrite Input 
[OE | Data Outputs Enable 


oN 





ELECTRONICS 


| | PRELIMINARY 
KM48V8000, KM48V8100 | CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


























Voltage on any pin relative to Vss 
[Storage Temperature —SS«|=SCTstg =< = tO SC«TC CS 
[PowerDissipation | SPST TCC 
[Shor Gireuit OuiputGurent [es] OSA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | 4 





; : 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= Oto 70 °C) 





aa vt 
input High Vottage | Vw [20 ~| - ~——~«dYCSse | 
input Low Vottage | vu | os? [| v 


*1 : Vcc+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss) 











DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 





_ Parameter ee Symbol | Min — ~ Max | Units 


Input Leakage Current (Any input O<sVin<sVcc+0.3V, 
all other pins not under test=0 volt.) 











a” aa 
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PRELIMINARY © 


KM48V8000, KM48V8100 | | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Icc1* 


Icc2 


Icc3* 
Icc4* 


Iccs 


Icce* 





5 
-6 
-/ 


‘ Operating Current (RAS and CAS cycling @tRC=min.) 

: Standby Current (RAS=CAS=W=Vit ) 

: RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

: Fast Page Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.) 
: Standby Current (RAS=CAS=W=Vcc-0.2V) 

: CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 


*NOTE:  Icc1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs3, 
and Icce, address can be changed maximum once while RAS=ViL. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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FLFCTRONICS 


PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


seal calavubncea gee Vec= 3. sd f= nee 





- Parameter 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQ0 - DQ7] 





AC CHARACTERISTICS (0°C<Tas70°C, See note 2) 
— Test condition : Vec=3.3V+0.3V, Vin/Vii=2.0/0.8V, Voh/Voi =2.0/0.8V 










escamapeime fee te} toe] pelt 
[Read-modify-write cycletime ssf tnwe 433 | | tss| | tes] |__| 
eames Pe er 
AccesstimefromtAS sf tcc S| S| 3 | | 5 | | 20 |_| 
sss ine ton cameos [wa [Tas [fa | [a 
CAS to outputintowz ss“ st tcez’—Ss | oO | flo | | lo | | ts | 
[Output buffertum-offdelay «| t0FF_ | 0 | 13} 0 | ts | 0 | 20] ns | 
[Transition time (rise andfal) Ss | tT | 3 | 50 | 3 | 50 | 3 | 50] as | 
[RAS prechargetime Ss sf P| 30 | | 40 | | 50] | ns | 
ES puse width _waS-_/ 80.1 106 60 1 yom 7a {304 
RAS hold time tRSH 

a eRe le cae aoe 
CAS pulsewidth = sd tas | 13 | t0K | 15: | 10K| 20 | 10K] ns _| 
RAS lo CAS deleyime [sop [ 20 | a7 | a0 | as | 20 | 50 | no 4 
15 | 25 | 15 | 30 | 15] 35| ns | 10 
aaa ee A 
[Rowaddress setuptime sss | tas =| oO | | co | | lo | | ns | 
[Rowaddressholdtime sss | tRAH =| 10] ~~ | to | | to | ns | 
[Column address setuptine ssf tase, =| 0 | | oo | | oo | ns | 
|Columnaddressholdtime | CAH | 10] | 15 | | ts | ons 
[Column address hold time referencedtoRAS| taR_ | 40 | | 50 | | 55 | |__| 
[Column addresstoRASleadtime _—S= | tRAL_— | 25 | | 30 | | a5 | |_| 
recs | of |o} |ol| | ns _ 
[Read command hold time referencedtoTAS| tacH | o | | 0 | |o| | ns | 8 
[Read command holdtime referencedtoRAS| t@RH_ | 0 | | o | | o | | ns | 
Writecommandholdtime ss | tweH | to] | 15 | | ts | ns 
[Write command hold time referencedtoRAS| tworR | 40 | | 50] | 55 | |_ ns | 
[Write command pulsewidth ssf twe | to | ~~ | to | | 15 | | 
Wrtecommand RAS leedine | wat, 08] fag | tot ne 
[weite commando CaS eadtime [rows | 13 | 15/ | | | ne | 


FIFLTROANIFG P 2 - Ba, 








































: ) PRELIMINARY 
KM48V8000, KM48V8100 | ~.CMOS DRAM 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) | 












(REF 


OF 


Fast Page mode read-modify-write cycle time tPRWC 


Oy 


\ 







Ee ee ee 
200K | 60 | 200K} 70 | 200K] ns _ 
Ls 
(13 [| ts || 20 | ons | 
ORD | 
OEZ 





20 | 

Out put buffer turn off delay time trom OE _|tOEZ p13 | o | is | o | 2] ns | 13 | 

OEcommandholdtime tH | 13 | | is || 20 | | ns | 

WT Ere 

ae 

| 
bod 


id») 
_ 
oO 
—h 
F 





[its ESAs 
ee NOI tee al 
pio} | to} | ms 








| PRELIMINARY 
KM48V8000, KM48V8100 CMOS DRAM 


TEST MODE CYCLE 


(Note. 12) 


















~. Parameter Symbol Units 
Randomreadorwrtecycietme —‘|wAC_| 95] 15] tas) | ne | 
Read-modiy-wiie cycletime _——~( WO | 138] | t60| | oo] | ms | 
AccesstimefromRAS | RAC | | 85 | | os || 75 | ns | 34,10 | 
ccesstimetomtAS =z teas=*| Ss; ste | | 20 | | as | ns | os 
Access time from colummaddress (tA | | a0 | 05 | | 40 | ns | 3.410 
RAS pulsewidth RAS | 55 | 10K| 65 | 10K | 75 | 1oK| ms | 
CAS pusewidh —————~—~—~—~«*d HCAS | 48 | TOK] 20 | 10K | 25 | 10K] ns | 
ASholdtime ASH | 18 | | 20 | | 25 | | os | 
CAShodtime ———SS~“~*“‘~*~wSH:*~CSC |S | | 
Column addresstoRASteadtime (aL | 30] | as | | 40] | = |_| 
TASioWdelaytime SSS tO | at || as | | 5 | | ns | 7 
FASioWdelaytime ———*«t wD | 7e| | a | | 15] | ns | 7 _| 
Column address to W delay time tAWD Lone 7 
Fast Page mode cycle time 
Fast page mode read-modify-write cycle time 














Column address toW delay ime 
Fast Page mode cycletime 
Fast page mode read-modlfy-wrte cyte tne 
RAS pulse width (Fast page cycle) | ‘RASP | 65 
Access time form CAS precharge [Pa | 
OEaccesstime ——SSC*d MOEA | 
CEtodatadeay ——=S~ OED C*S CT 
OE commandhoidtime_——*(| wen | 18 


tOEH 18 
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gee, ae, Oe PRELIMINARY 


KM48V8000, KM48V8100 | | ~ CMOS DRAM 
NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to VoH or VoL. 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2>tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and taWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. , 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in wale write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 

controlled by tAA. | | | 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. | 





ELECTRONICS 


PRELIMINARY 
KM44V 16000, KM44V16100 CMOS DRAM 





16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7) are optional features of this family. 

-All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 


realize high band-width, low power consumption and high reliability. 





FEATURES © Fast Page Mode operation 

¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44V16000 (3.3V, 8K Ref.) | . 8 ¢ RAS-only and Hidden refresh capability 
- KM44V16100 (3.3V, 4K Ret.) e Fast parallel test mode capability 


¢ LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 
* Active Power Dissipation Unit : mW ¢ JEDEC Standard pinout | 
= ee gk e Available in Plastic SOJ package 
* +3.3V+0.3V power supply 





* Refresh cycles _ FUNCTIONAL BLOCK DIAGRAM 


: a Refresh . Refresh period 
~ eycle es 


| 
vie100 | 4K 





° Performance ae 


ee ie | tee oe 
6 | 60ns J iSns_| F10ns | 40ns— 


DQO 
to 
DQ3 





Memory Array 
16,777,216 x4 
Cells © 


















Data out 
Buffer 


OE 





Column Decoder 





Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 





ELECTRONICS 


—— _— : PRELIMINARY 
KM44V16000, KM44V16100 | _-CMOS DRAM - 


PIN CONFIGURATION (Top Views) 


¢ KM44V160(1)00J 










Data Outputs Enable | 
7  Power(+3.3V) | 
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ELECTRONICS 


pe a PRELIMINARY 
KM44V16000, KM44V16100 | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS | 












Parameter Symbol |” Rating : | Units 
Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss -0.5 to +4.6 
Storage Temperature : -55 to +150 | °C 
Short Circuit Output Current Flos ff 0m 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 








RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 
Parameter | Symbol | Min =| Typ =| Max |_Unit__ 





Input Low Voltage 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 : -1.3V at pulse width < 15ns (pulse is measured at Vss) 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
Input Leakage Current (Any input annonce iL) | uA 
all other pins not under test=0 volt.) | | 
Output Leakage Current loa) yA 
(Data out is disabled, OV<Vout<Vcc) 7 
Output High Voltage Level(lor=-2mA) | vow | 24 | = | ov | 
Output Low Voltage Level(lo.=2mA) a ee 













ELECTRONICS 


_ PRELIMINARY 
KM44V 16000, KM44V16100 - ____CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 






Symbol | SF 


Icc1 | 110 


100 
120 | a 
Icc3 | 


110 
100 


170 

160 

150 

5 90 100 

loca 6 80 90 

| -7 70 80 
Se eee 
5 | 120 | 
Icce -6 110 
; | -7 | 100 


lcc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=Vu ) 

Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 

Icca* : Fast Page Mode Current (RAS=Vit, CAS, Address cycling @tPC=min.) 
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V) 

Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 





* NOTE: Icc1, Iccs, lcc4 and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=Vi. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 





Pe nmsungg oe | | :_ cg: 1. 286 
"ELECTRONICS | , . aaa 


PRELIMINARY 
KM44V 16000, KM44V16100 | CMOS DRAM 


CAPACITANCE(Ta=25°C, Vcc= 3.3V, f=1MHz) 

























Parameter 


Input capacitance [RAS, CAS, W, OE] 
Output Capacitance [DQ0 - DQ3] 


AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 
Test condition : Vcc=3.3V+0.3V, Vin/Vii=2.0/0.8V, Voh/Voi =2.0/0.8V 










Symbol [ain | Max| Min] Max| win] Max| Units) Notes 
[Random readorwrite cycletime | tC || 90 | ~— | sto] ~~ 130] ~—s|sons | 
[Read-modify-write cycietime ss | RWC [133 iss{ | es] | ons | 
[Access time fromRAS (“ss Cs RAC | | 50 | | co | | 70 | ns | 34,10 | 
Accesstimefromcas (ss tc || a3 | | 5 | | 20 ns | 3,485 | 
[Access time from column address | wa | | 25] | a0 | | a5| ns | 3,10 | 
[TAS tooutputintowz sss tclz_—Ss| oo | hf co | hdfc oc] hf cs | 8 
[Output bufferturn-offdelay ssf tOFF_ | o | 13] 0 | 15 | o | 2o| ns | 6 | 
[Transitiontime(rseandfal) _—»ss“ss| tT | 3 | So | 3 | 50] 3 | so] ns | 2 | 
[RAS prechargetime ——S»sss§ =F RP || 30 | | ao | =| so | | ons | 
[RAS pulsewidth = | RAS | 50 | 10K| 60 | 10K| 70 | 1oK| ns | 
FRAShoidtime = Ci SH =| 13 | | is | | cof] | ons | 
‘TAShotdtime sss «id SH | co | ~— | eo | =| vo | | ns | 
TAS pulsewidth = CAS | 13 | 10K | 15 | 10K] 20 | 10K] ns | 
[RAS toCAS delaytime sss tCD_ | 20 | 37 | 20 | 45 | 20| so| ns | 4 | 
[RAS to column address delaytime =| tRAD_—| 15 | 25 | 15 | 30 | 15| 35| ns | 10 | 
CAS toRAS prechargetme sss tcrP, | 5 |) | 6 | | 5 | | ons | 
[Rowaddress setuptime _——s—s§ = | tasR_ | o | | o | | o| | ns | | 
[Rowaddressholdtime sss RAH =| to | =| to | =| to | | ons | 
[Column address set-uptime ssf tase, =| o | =~] oo | | ol | | ts | 
[Column address holdtime =| CAH =| to | | ts | | is | | ons | 
[Column address hold time referencedtoRAS| taR_ | 40 | | 50 | | 55 | | ns 
[Column addresstoRASleadtime _—S=| tRAL__—| 25 | | go | | as | |__| 
[Readcommandset-uptime sss | trcS,_—| o | =| o | 6] oO | | ns | 
[Read command hold time referencedtoCAS| tacH_ | o | | o| | o| | ns | 6 | 
[Read command holdtimereferencedtoRAS| tRRH | o | | o | |oj| | ns | 
[Writecommandholdtime sss | twoH | to] | is| [is| | ns |_| 
Write command hold time referenced to RAS ‘wor | aol [sol  [ss| [on |_| 
Write command putse width sss | WR | to | ~— | ao | | ts || | ons | 
(ncaa a ogee ay a EY a 
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| PRELIMINARY 
KM44V 16000, KM44V16100 | CMOS DRAM 


AC CHARACTERISTICS (0°CsTa<70°C, See note 2) 





Datasetuptime = “ss sitS | | | pins | 9 | 
Datahodtime StH S| to || ts | | is | | ons | 

Dataholdtime referencedtoRAS ——[tDHR | 40 | | 50 | | 55 |] ms | 
Refreshperiog(4k) = CREF | | 4 | | ot | | os | ms | 
Refreshperiog(8k) CREF | | 128 | | 128 | | 128 | ms | 
Writecommandset-uptime sss ftwes_ | o | | o |) =| o | | ons | 7 
CAStoWdelaytme = ssttcwD | 6 | | 40 | | so | Ts | 7 
RAStoWdelaytime = stRWO | 73 | | 8s | | too] | os | 7 
Column address toW delaytime ss {tawo_ | 48 | | 55 | | os | | ons | 7 
CAS prechargetoWdelaytime ss [tcpwo | 53 | | 60 | =| 7o| | ns | 
CAS setup time (CAS-before-RAS refresh) |tcsR__| 10 | | 10 | =| 10 | =| ns | 
CAS hold time (CAS-before-RAS refresh) |tCHR | 10 | | 10 | | 15 | | ms | | 
RAS toTAS prechargetime sss [trPc, | 5 |) | 5 | | 5 | | los | 
CAS precharge time(CBR counter test cycle)|tcPT | 20 | | 20 | | 30 {| | ns [| 
Access time from CAS precharge Ss (tcPA | =| 30 | S| 35 | | ao | ns | 3 
FastPagemodecycletime sss ss (tPc =~ | 5 | | ao || a | | os | 
Fast Page mode read-modify-write cycle ting tPRWC | 76 | | 85 | | 100] =| ns | 
CAS precharge time (Fastpage cycle) [tcp | to | =| to | =| to | | ms | 
Eas ukowat estengeysie| ___[WRASP__/ SS [amok 60 | zoek) 70 [am ne 
-|RAS hold time from TAS precharge HCP | 30 | | 3 | | ao] | ns | | 
OE accesstime  —=—ss——sd(toea =| S| 3 | | ts | | 20 | ns (| 
‘|OEtodatadla  —‘jroen_ | 13 | | is | | a] [ns | 
Out put buffer turn off delay time from OE |toez_ | o | 13 | o | 15 | o | 20 | ns | 13 | 
OEcommandholdtme ss (tOEH_ =| 13 | =| 15 | | 2 | | ns {| | 
Write command set-up time(Test mode in) _|twts | 10 | | 10 | | 10 | | ons | 1 
Write command hold time(Test mode in) [twtH | 10 | | 10 | | 10 | | ns [ 11 | 
Wto RAS precharge time(C-B-Arefresh) |twap_ | 10 | | 10 | [10| | ns | | 
WtoRASholdtime(-B-A refresh) — [twRH | 10 | | to | | 10 | | ns | | 
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| ELECTRONICS 


PRELIMINARY 
KM44V 16000, KM44V16100 CMOS DRAM 


TEST MODE CYCLE 
(Note. 12) 


Be ad ed 
wea a 


Random read or write Random read orwrite cycletime time | 98 | 115 | | 135} 

a od 
Recess tie tom AST] ep | oa 
aceasta tom CRE ens et Pao | os Pe | a 
fos te ion ea aims [wa [Ts [ae |] as 
hc A 
ers pawn as [Pe [ae | 
at ter 
ee ———_— et e e 
Goh adress RAS adine Tra | [Ps [ot |e 
CAS wW coeyine YL rewo [a | fas [ps pe 
FS W soley ine Pro |e [oo p08 re 
Gohimn adress to Wasaytine [wawo [ss [eo | [1 | [7 
ae aaa a eS 
Feetpage mode eadmodiyaria yas imal AWG] ex | [ 807] [308] Ld) 
RAS pulse width (Fast page cycle) | tRASP | 55 | 200K] 65 |200K| 75 | 200K| ns | | 
pe a a A A 
OEaccesstime ss “ssC* CEA | =~] te | | co | | os | ns | 
OE to data delay tocep | 18| [20 | | 2] | ns | 
OE conmandtoKiins [oom |e | too | ow PD 1 
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PRELIMINARY 


KM44V 16000, KM44V16100 | CMOS DRAM 


NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 

2. Vixn(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vi(max) and are assumed to be 5ns for ail inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(makx) is specified as 
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD2 tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 
referenced to Von or VoL. | 

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min), 
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data 
Output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. . 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge. in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. | 

13. tOFF(max) and tOEZ(max) define the time at which the output: achieves the open circuit condition 
and are not referenced to output voitage level. 





270 





en 


ELECTRONICS 


TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 


8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION | 


This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-II) 
are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS- -only refresh and Hidden refresh capabilities. Further 
more, Self-refresh operation is available in self-refresh version. 

This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 


FEATURES « Fast Page Mode operation 
e Part Identification ¢ CAS-before-RAS refresh capability 
- KM48V8000A/A-L(3.3V, 8K Ref.) ¢ RAS only and Hidden refresh capability 


- KM48V8100A/A-L(3.3V, 4K Ref.) ¢ Self-refresh capability(L-ver only) 


¢ Fast parallel test mode capability 
Unit : mW ¢ LVTTL(3.3V) compatible inputs and outputs 
¢ Early Write or output enable controlled write 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOP(II) packages 
¢ +3.3V+0.3V power supply | 


¢ Active Power Dissipation 





e Refresh cycles 


| Refresh 


NO. | cycle FUNCTIONAL BLOCK DIAGRAM 


aes 


RAS Vcc 
* Access mode & RAS only refresh mode CAS Control ex 
: 8K cycle/64ms W Clocks VBB Generator 
CAS-before-RAS & Hidden refresh mode 
: 4K cycle/64ms 





256ms 






















Refresh Timer 
a, 
Refresh Control 
Refresh Counter 
AO ~A12 TS iRow Address Buffer 
(AO ~A11)*1 
»|Col. Address Buffer 


AO ~A9 
(AO ~A10)*1 
Note) *1 : 4K Refresh 


¢ Performance range: 


--5 | 50ns | 13ns | 90ns | 35ns_ 
6 | 60ns | Téns | 110ns | ans 






Memory Array 
8,388,608 x 8 
Cells 













Column Decoder 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 


change products and specifications without notice. y 


FI eErTeanAire ; | 








KM48V8000A, KM48V8100A 


° KM48V80(1)00AJ 


PIN CONFIGURATION (Top Views) 


¢ KM48V80(1)00AT 


* (N.C): N.C for 4K Refresh product 






ante ‘PinFunction = —ts 
ORAS | Row Address Stobe 
| TAS | Column Address Strobe 
|W | ReadMWrite Input 
(OE | DataOutputsEnable 










TARGET 


CMOS DRAM 


¢ KM48V80(1)00AR 
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| | TARGET 
KM48V8000A, KM48V8100A CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 







Parameter =| Symbol | sting =——s|sCUnnits 
V 

| PowerDissipation = | PT 
[| Short Circuit Output Current [os S| 8 | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. | , 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 


lin yp. Max 
| Supply Voltage | Voc | 30 | 33 | 36 | v | 
TGrund | Ve | tC CdS 
Input High Voltage | Vm | 20 | ct | 
Vu | os? TT 


*1 : Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss) 








Input Leakage Current (Any input OSVinsVcc+0.3V, 


all other pins not under test=0 volt.) | 

[eee ees | | 
(Data out is disabled, OV<Vout<Vcc) : 

| Output High Voltage Level(lon=-2ma) | on || 

|__Output Low Voltage Level(lo.=2mA) | SV || 
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SAMSUNG 


ELECTRONICS 





TARGET 


KM48V8000A, KM48V8100A — _ ~ CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


Normal 


Don't care 


Normal 
L 


Don't care 


Icoc1* : 


Icc2 


Iccs3* : 
Icca* 


Iccs 


Iccs* 


Icc7 


Iccs 





: Operating Current (RAS and CAS cycling @tRC=min.) 
: Standby Current (RAS=CAS=W=Vi ) 


RAS-only Refresh Current (CAS=ViH, RAS svete @tRC=min.) 


: Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.) 

: Standby Current (RAS=CAS=W=Vcc-0.2V) 

: CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

: Battery back-up current, Average power supply current, Battery back-up mode 


Input high voltage(Vix)=Vcc-0:2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 
W, OE = VIH, Address = Don't care, DQ=Open, Trc= 62.5ys 
Tras=Trasmin~300 ns 


: Self Refresh Current 


RAS=CAS=0.2V, W=OE=A0 ~ A12(A11) = Vec-0.2V or 0.2V, DQ0 ~ DQ7= Vec-0.2V, 0.2V or Open 


*NOTE:  Icc1, Icca, Ieca and Icce are dependent on output loading and cycle rates. Specified values 


are obtained with the output open. Icc is specified as an average current. In Icc1, Iccs, 
and Icce, address can be changed maximum once while RAS=VI. In Icc4, address can be 
changed maximum once within one fast page mode cycle time tPC. | 
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7 TARGET 
KM48V8000A, KM48V8100A | CMOS DRAM 


adalncaGe aca Vec= 3.3V, f= aul 


- Parameter _ 





AC CHARACTERISTICS (0°C<TA<70°C, See note 2) 
Test condition : ee sliadaeseasase Voh/Vol =2.0/0.8V 





Pecefeeastine [we PPro) Te | 
Read-modity-write cycietime | RWC [133 | | iss] [es] | ons | 
[aezees ino rom AS enc | fo] [eo] [7m] 16 | sano] 
AccesstimetromcAS sf tcc || 3 | | is | | 20] ons | 34 | 
Access time from column address lta =| Sf 25 |) of 30 | Sd] 35 | ons | 3,10 | 
CAS to output in Low-Z Fecie eae a DG De 
Output buffer turn-off delay torr | o | 13] 0 | 16 | o | ao} ns | 613 
Transition time (rise and fall) fir =| 3 | 50 | 3 [| 50] 3] 50| ns | 2 | 
RAS prechargetime st RP | | | ao] | so | | ms | 
RAS pulsewidth | tS | 50 | 10K | 60 | 10K | 70 | tok] ns | | 
RASholdtime ss tH | ts | fis || co || ns | 
fem holding sot eo | eo} fo} | oe | 
Sebastes Re 
45 | 20| so| ns | 4 | 
1s | 35 | ns | 10 | 
CAS WAS pecranetme [orp [5] [s] [st [1 — 
[Row address setuptime | tas =| oo | | co | | ol | | ns | 
[Row addesshoidtime =| RAH | 10] | 0 | | of | =| 
Column address setuptime =| asc, | oO | flo | | oo | | ns | 
Column address holdtime == tcaH | to | | vo | | is | | ns | 
[Column address to RAS leadtime | tak_—| 25 | | go | | as | | ons | 
Read command set-up time_ aoe ee ee a eo a ee 
Read command hold time referenced to CAS ftacH_ | o| | of] | of | nn |] 8 | 
Read command hold time referencedtoRAS| ARH | o | | o | | o | | ns | | 
Write commandholdtime | ewe | to | | tof fs] | ons | 
tis commande wets tw Too Po fos [fm 
lees eer Ps ee | I ae 
[Write command toCASteadtime | tows | 13] | | | ao] | ns | 


a 


FIFCTRONICS | 











TARGET 
KM48V8000A, KM48V8100A___ _CMOS DRAM 





AC CHARACTERISTICS (Continued) 









Datase-uptime fos | | | oO | | | | os | 8 
Datahodtime _——=S=S~«iH «| tO] | 0) | i] | ms |e 
Rettesh period a Noma) ___——~«mMEF_—|—=«| @# || || | ome | 
Refresh period(6K, Norma) ___——=«REF_—~| «| e# | | e#] (| eo] mes | 
Refteshperoaven) «ER ase [| ose || 256] ms | 
CAS Welaytme ——~S~iew | aw] fo] | ofp mf 
FAStoWdelaytime _——~—~=«*RWD | 73 | | es | | woo} | ms | 7 _| 
Cahn aes 19 W dayne aw [aes [| ee [ef 
CAS precharge toW delaytime _—‘[rcpwO | 63 | | 60 | | 70| | ms | 
CAS set-up time (CAS-before-RAS refresh) tcsR_ | 10 | | 10] | 10} | on jo | , 
CAT hodtime (CAB-before-FAS refresh) [rR | 40 | | 10] | | | ms | 
FAS toCAS prechargetime ——=~=iqemPG' «| 8 || 8 | | 5s | | | 
CAS precharge time(CBR countertest eyele)[ioPT | 20 | | 20] | 30] | m= | 
Access time tromCAS precharge ——«(tcPA || 30] | a) | «| ms | 3 
FeaPegemoinqoetne wo fas | pe pet fm 
[Fast Page mode read-modify-write cycle ima tPRWC | 76 | | es | | too] | ns 
CRS precharge tine Fast page oye) [ep | 10 | | 10 | | || re 
RAS pulse width (Fast page cycle) _—‘(tRASP_| 60 |200K| 60 | 200K] 70 [200K] ns _ 
FAS holdtime from CAS precharge _[enHoP | 20 | | a5 | | 40 | | ns 
eg a ae 












~J 






N 






~] 

























Output bufertun off delay ime from OE fwoez | o | 13] 0 | | 0 | 2 | re | 1 
i a 
Wite command setup tine(Test mode) [wis [10 | [10] | 10] | re | i 
Wits command bol time(Test modeiny [wT | 1s || 1s | [1s |] ne | 
WT to FAS precharge timo(C-8F refresh) [war | 10] [10] | 10] |= | 
to FAS holdtimet-BF refresh) [twa [10 | [10 | | 10] | me [| 
FAS pulse width(C-B° sot retest) [ras | 100] [100] | 100] | ws | 14 
RAS precharge ime C-B-Fiseftreeshy [taps | 20 | | to[ | 10] | me | 14 
CAS holdtime CHA sof retest) [rons | -s0[ [so] [so] | ns | 1 
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TARGET 
KM48V8000A, KM48V8100A a CMOS DRAM 


TEST MODE CYCLE 








__(Note. 11) 



























= ———| Units | Notes 
: | | Min | Max pe See 


mc | 5] [ns] [ty [me | 
FRead-modify-wite cycietime _—=«dt RWC | 198] (| 60 | | 10, | ns | 
Access timefromRAS ————SSSC«dt RAC | | 83 | | |_| S78 | ns [3aa0A2 
fAccesstimetromCAS——SSSSC=*ittwAGS| SCL St] | eo | «| |e | 94.52 
fAccesstime from column address «| wA_—| | 90 | | 35 | | 40 | ns | ar0a2| 
FAS pulse with rimas | 85 | 0K] 65 [10K | 75 | 10K] ns | 
EAS pulsewieth _———=—S~S~w GAS =~ 48 | OK] 20 | TOK | 25 | 10K] me | 
FaShoidtime ———=SCS~i RSH *| HB | | 20 | | es || ms | 
CAShoidtime ——=Ss=~=~*~‘“~*~wrECSH:*«dCS S|] | || ms | 
Column address to RAS lead time PtRAL | 30/ | 35 | | 40] |ns |] | 
TAStoWdelaytime —==SSSC* tw | AT | as | | os] | ns |_| 
A | jtawo | 78] [| 90 | | 105] | ons | 7 
_ {Column address to W delay time ftawo | 53/ |o60| |70] #+x.| ns] 7 | 
Fast Page mode cycle time wc | 40] [as | | so} | ns | 
page mode read-modify-write cycle time }tpawc| 81 | [90 | | 105/ | ns {| 
-irasp | 55 | 200K] 65 |200K| 75 |200K| ns | 

A ropa | | 3) || | || 3 | 

jwoea | | tel] feo | es | me | 
eae roe 

CE commandholdtime sf tH | 18] fo | [las || ns | 


Parameter : : oe ; 








































} 
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| ELECTRONICS 


nae | | TARGET 
KM48V8000A, KM48V8100A | -  s CMOS DRAM 


NOTES 


t 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. : | | 

2. Vix(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 
measured between ViH(min) and Vit(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 100pF and Voh = 2.0V(lout= -2mA), Vol =0.8V(lout = 2mA) 

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified asa 
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 

5. Assumes that tRCD> tRCD(max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not 

referenced to Von or VoL. | 


~ 7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electric characteristics only. If tWCS = tWCS (min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), 
tRWD2tRWD(min) and taWD= tAWD(min), then the cycle is a read- modify -write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading 
edge in read-modify-write cycles. 

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) ts specified as a 
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 
controlled by tAA. | 

11. These specifications are applied in the test mode. 

12. In test mode read cycle, the value of tRAC, tAA, tCAC, tOEA, and tCPA is delayed by 2ns to 5ns for 
the specified values. These parameters should be specified in test mode cycles by adding the above | 
value to the specified value in this data sheet. : | 

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. 

14. 8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms before and after 
self refresh, in order to meet refresh specification. . | 
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ELECTRONICS 


| TARGET 
KM44V16000A, KM44V16100A CMOS DRAM 





16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


DESCRIPTION 


This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6, 
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-II) 
are optional features of this family. 

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabiliies: Further 
more, Self-refresh operation is available in self-refresh version. 

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to 
realize high band-width, low power consumption and high reliability. 





FEATURES « Fast Page Mode operation 
¢ Part Identification ¢ CAS-before-RAS refresh capability 
- KM44V16000A/A-L(3.3V, 8K Ref.) ¢ RAS only and Hidden refresh capability 


~ KM44V16100A/ A-L(3.3V, 4K Ref.) © Self-refresh capability(L-ver only) 


e Fast parallel test mode capability 
Unit : mW _ *LVTTL(3.3V) compatible inputs and outputs 
, S e Early Write or output enable ponlaied: write 
e JEDEC Standard pinout 
¢ Available in Plastic SOJ and TSOP(II) packages \- 
¢ +3.3V+0.3V power supply | 


¢ Active Power Dissipation 


. FUNCTIONAL BLOCK DIAGRAM 





* Access mode & RAS only refresh mode | 


: 8K cycle/64ms RAS 
CAS-before-RAS & Hidden refresh mode CAS 
-4K cycle/64ms W 


| ae 
° Performance eee: 


ee oe ee ee 
[6 | 60ns | 18ns_[W10ns | 40s 





Memory Array DQO 


Refresh Counter 16,777,216 x4 to 
Cells DQ3 
AQ~A12 Te iRow Address Buffer 


(AO ~A11)*1 


AQ ~A10 Col. Address Buffer Column Decoder OE 


(AO ~A11)*1 





Note) *1 : 4K Refresh 


SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 


ELECTRONICS 





TARGET 
KM44V16000A, KM44V16100A ~... CMOS DRAM 


PIN CONFIGURATION (Top Views) - 


¢KM44V160(1)00AJ ¢ KM44V160(1)00AT ° KM44V160(1)00AR 


°o 


1 
2 
3 
4 
5 
6 
7 
8 
9 


OAN DOOR AN — 


piv iesne! : 


Ground 


Column Address Strobe 
i 


No Connection 











, | | | a OEE Lacy 280 


ELECTRONICS 


| | | TARGET 
KM44V16000A, KM44V16100A | | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 










Voltage on any pin relative to Vss Vin, Vout -0.5 to +4.6 








a 
es 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of 
this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


Power Dissipation 


Short Circuit Output Current 





RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C) 











Parameter | S ry 
Supply Voltage | Ve =| 0s | | 








Ground Ee ee ee ee eee ee 
Input High Voltage | Vm | 2.0 | cost | 
Input Low Votage | Ve | 08 Tw 


*1 : Vcc+1.3V at pulse width < 15ns (pulse width is measured at Vcc) 
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss) 


< 













< 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Input Leakage Current (Any input OSVin<Vcc+0.3V, | It) 
all other pins not under test=0 volt.) | 

Output Leakage Current low) 

(Data out is disabled, OV<Vout<Vcc) | 

Output High Voltage Level(lon=-2mA) | von fA fe 
Output Low Voltage Level(lo.=2mA) | vo | = | 4 













ELECTRONICS 


+S TARGET 
KM44V16000A, KM44V16100A CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued.) 


Don't care 


Normal yy 1 


Don't care . 


| Normal » 
i. 


Don't care 


Don’ t care 





lcc1* : Operating Current RES and CAS cycling @tRC=min.) 
Icce2 : Standby Current (RAS=CAS=W=vVu ) 
Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.) 
‘Ieca* : Fast Page Mode Current (RAS=Vit, CAS; Address cycling @tPC=min.) 
Ices : Standby Current (RAS=CAS=W=Vcc-0.2V) 
-Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 
lcc7 : Battery back-up current, Average power supply current, Battery back-up mode 
| Input high voltage(Vin)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS meyeling or 0. ev 
W, OE = VIH, Address = Don't care, DQ = Pet Trc= 62. Ss 
Tras=Trasmin~300 ns 
Iccs : Self Refresh Current 
RAS=CAS=0.2V, W=OE=A0 ~ A12(A1 1) = Vec- 0. 2V or 0. 2V, DQ0 ~ DQ3= Vecc-0.2V, 0. ev or Open 


*NOTE : !cc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Icc is specified as an average current. In Icc1, Icca, 
and Icce, address can be changed maximum once while RAS=VIL. In Icca, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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ELECTRONICS 


| TARGET 
KM44V16000A; KM44V16100A #22  ° GMOS DRAM 





sisi cll altel iret Vec= 3.3V, f= ee 


_ Parameter — 


Output Capacitance {[DQ0 - DQ3] 





AC CHARACTERISTICS (0°C<Ta<70°C, See note 2) 
Test condition : Vec=3.3V+0.3V, Vin/Vii=2.0/0.8V, Voh/Vot =2.0/0.8V 


Parameter 


ie ame i wae 
Read-modity-wite cycletime ———~=« AWG (tga | 155| | ves] | ms) 
Access time om aS rac |p] ptf ne | Baro 
[Access timetromCaS—=~=*~=“‘“‘=ésWCAC™SC*Y™SCO*| «Pas | | | ns | 3 | 
Access time from column address rtaA | | 25 | ft 30 | 5 {ons | 310 | 
exSweowantwz faz fot fof fot [mT 3 
[Outputbuttertun-offdelay ——=S~S~w OC |e) of | oO) 2) ms | 618 
[RAS prechargetime_—=S=*~<“~*‘“~sRPSC*‘dCTST wo || sO] Ps) 
[RAS pulse wisth ——~=~S~S~S~*~wARAS—«Y«| OKT GO| 10K] 70 | VOR] ms | 
RASholdtime ——Ss~=<“~*~*~“~*~—rIRSHS |] || ms | 
[cAShowtime SH | so] feof fo] [me | 
nt eee 
ss | 20 [so | ns [a 
eS ae ae Cs ee as 
eee ota fee | | et [et py 
Row address setuptime ——~=«dp SAC; “| Po} | of | ws) 
[Row addresshoidtime —~=~*~<~iRASC*YCO | o| P to] ) s | 
[Column address setuptime =p wsc—~| of fo] |of | =| 
[Column addresshoidtime ——~=~=«~MCAH”—«| WO] [of | is) | as] 
[Column address toRAS loadtime ‘| wRAL_—| 25) | oo) | | | = | 
[Readcommandsetuptime ss | trcs_ | oO | =f] o | hh] co | | os | 
[Read command holdtime referencedtoCAS| tRcH_ | 0 | | o | | o | | ns | 8 | 
[Read command hold time eterencedtoRAS[tAAH | 0] | o|  |o)] | s | 
Writecommandhoidtime | twCH | 10 | | to] | ts] | ons | 
Writecommand pulse width | twP | 10 | | to | of ts] | ons | 
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WritecommandtoCASleadtime | tcwh =| 13| =| 1s | | ao] | os | 
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AC CHARACTERISTICS (Continued) | 






Data Soe time 





36 Tso [fs 7 
FES WW daytime feof rs ae [fee Te 
Corn adéresstoWaeayime __fawo [| | ss | || | = [7 
CAS precharge toW delay time __[rcpwo | sa | | | |] |= | 
CAS set-up time (CAS-betore RAS refesh) [ics 10 | [| | wo] |= | 
CAS hoi time (CAS-belore-RAS rfesh) [tcHR | 10 | [| 0] |i] |= | 
RASt CAS prechargetime ___—+inPc_—=f ss | | 5 || s | |= | 
ERS pechrge me(CeR comerestqwo|orr [ao | [20 || [fre [ 
Access ime trom CAS precharge ___‘[tcPA | | ao | | as] | «|= | 3 
amen. "ise Tet Tet. ta) te). 
Fast Page mode read-modiy-wrte cyclo tim PWC | 76] | 6] [400] [os | 
CAS precharge time (Fastpage yee) [icp | 10] | 10] |] |» | 
RAS pulse width (Fast page cycie) __|\RASP_| 50 |200x| 00 | a00«| 70 | 200K] ns _ 
RAS hoidtime from CAS precharge _frucP [ao] | as] [40] | ns 
OE accestme —SSC~=<‘idOEACYSCsd a |e | tl me | 
C= 
Outpulbutertun off delay imeiromOE froez | o [val o | wl] ole | «| 3 
OE commandhoidtime _____—=~=«sEH [1a] [1s] [20] | ne 
ite command setup tine(Test mode) [wrs [10] | 10] [10 [| [| 
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Pe ae 
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TARGET 
KM44V16000A, KM44V16100A___ __ _CMOS DRAM 


TEST MODE CYCLE 


(Note. 11) 





furennesomeoseine [we [et [ust Tos] Tm [ 
Read-modify-write cycletime | tRWC | 138/ ~—| 160 | | 190 | | ons | 
Access timetromRAS SCRA || 8] | || 78 | ns [aa0. 
AccesstimefromCAS sf tcc | | 8 | | 20 || as | ons | 3.4.5,12| 
Access time from column address | tAA | S| 90 | | 35 | | 40 | _sns | 310,12, 
RAS pulse width |tRAS | 55 | 10K} 65 | 10K | 75 | 10K] ns | | 
CAS pulse width jtcas | 18 | 10K] 20 | 10K | 25 | 10K| ns | 
Ce eee 
TASholdtime ss CsC‘id SH | SH | S| | || os | 
Column address toRASleadtime _—S= | RAL (|| 30 | | 35 | | ao | | ons | 
TAStoWdelaytime  —=s—s“s ss cw | At || as || 5 || ons | 7 
RAStoWdelaytime =» =| tRWO | 78 | | oo | | tos | | ns | 7 
Column address toWdelaytime _—S»s——s| tawD | 63 | | 60 | | 70 | =| ns | 7 
FastPage mode cycletime _—=»s—s— sf tpc | 40 | | 45 | | 50 | S| os | 
Fast page mode read-modify-write cycle time| tpRwc| 81 | | 90 | | 105| || sons | 
- RAS pulse width (Fast page cycle) _——| tRASP_| 55 | 200K| 65 |200K| 75 |200K| ns | | 
Accesstimeform CAS precharge ss | tcPA_ | ~~ | 35 | | 40 | | a5 | ns | 3 
Checnstioe Oe} taf 
OE to data dela | fat | w | | 
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1. 


1 


TARGET 


KM44V16000A, KM44V16100A CMOS DRAM 
NOTES 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vik(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are 


measured between Vix(min) and Vi.(max) and are assumed to be 5ns for all inputs. 
Measured with a load equivalent to 100pF and Voh=2.0V(lout = -2mA), Vol=0.8V(lout = 2mA) 


. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as 


a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is 
controlled exclusively by tCAC. 


. Assumes that tRCD= tRCD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not 


referenced to Vou or VoL. 


. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the 


data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle 
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min), 
tRWD=2=tRWD(min) and tAaWD> tAWD(min), then the cycle is a read-modify-write cycle and the data 
output will contain the data read from the selected address. If neither of the above conditions is 
satisfied, the condition of the data out is indeterminate. 


. Either tRCH or tRRH must.be satisfied for a read cycle. 
. These parameters are: -referenced to the CAS leading edge in early write cycles and to the W 


leading edge in read-modify-write cycles. 


Operation within. the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as 
-are ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is 


. Controlled by tAA. 


11. 
12. 


13. 


14, 


These specifications are applied in the test mode. : 

In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified 
values. These parameters should be specified in test mode cycles by adding the above value to the 
specified value in this data sheet. 
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level. | 
8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms before and after 
self refresh, in order to meet refresh specification. 
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HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE ) 
_ NOTE: Dour = Open 
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me Vi - ey, \ 


Yy penn 
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ELECTRONICS 


EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 


HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE ) 


| NOTE : Dour =O 
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ELECTRONICS 


EDO Mode, x16 (2CAS) Device Timing Diagram = #§}|)8§=CMOS DRAM 


HYPER PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dout = Open 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 


HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 
HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
trasp 3 trp 
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ELECTRONICS 


EDO Mode, x16 (2CAS) Device Timing Diagram _ CMOS DRAM 
| HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 
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EDO Mode, x16 (2CAS) Device Timing Diagram #8 CMOS DRAM 


HYPER PAGE READ AND WRITE MIXED CYCLE 
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ELECTRONICS 


EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 


RAS-ONLY REFRESH CYCLE 
NOTE: W, OE, Din= Don't care 
Dout = Open | 
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ae 12) 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A = Don't Car 
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"ELECTRONICS oe | : : | 





EDO Mode, x16 (2CAS) Device Timing Diagram 


CMOS DRAM — 


CAS -BEFORE-RAS SELF REFRESH CYCLE 
NOTE : W, OE, A = Don't as 
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ELECTRONICS 


EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 


HIDDEN REFRESH CYCLE ( READ ) 
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_ EDO Mode, x16 (2CAS) Device Timing Diagram = + ~+=CMOS DRAM — 


HIDDEN REFRESH CYCLE ( WRITE ) | 
NOTE : Dou = OPEN 
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ELECTRONICS | | sowed ; | 


EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | t 
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PACKAGE DIMENSIONS CMOS DRAM 


PLASTIC DUAL IN-LINE PACKAGE 





Unit : Inches (millimeters) 


_ (0.20) 


0.014 (0.35) 


18 DIP 300 mil 


0.276(7.01) 
0.292(7.41) 
0.300 (7.62) 


0.883(22.42) 
MAX 


0.859(21.82 
0.875(22.22) 


SSO te of hese NL ow 


0.014 (0.36 
0.022 (0.56) 


0.148(3. 76) 
9.200(5.08} 
MAX 


0.132(3.36 


0.510.020 
MIN 

0.120(3.0 

0.137(3.48) 


Unit : Inches (millimeters) 


_ (0.20) 


0.014 (0.35) 


20 DIP 300 mil 


0.300 (7.62) 


0.959(24.36 
0.975(24.76) 


0.054 (1.37) 
0.014 (0.36) 
0.022 (0.56) 


0.120(3.05) 
0137(3.48) 
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: ELECTRONICS 


PACKAGE DIMENSIONS | ____ CMOS DRAM 
PLASTIC ZIGZAG IN-LINE PACKAGE 


19(20)ZIP 400 mil Unit : Inches (millimeters) 


MIN 


0.110(2.79) | 


0.024 (0.61) 


1.046(26.56) 
oo 
MAX 


1.022(25.96 
1.038(26.36) 


20 ZIP 400 mil | | Unit : Inches (millimeters) 


0.276(7.01) 
0.292(7.41) 
0.400(1 0.16) 


0.110(2.79) 
- MIN 


0.040 (1.02) 0.050(1.27) 


0.024 (0.61) - 


1,046(26.56) 
MAX 


1.022(25.96 
1.038(26.36) 








ELECTRONICS | Lae 


PACKAGE DIMENSIONS | CMOS DRA 





PLASTIC SMALL OUT-LINE J-LEAD 


20(26) SOU 300 mil Unit : Inches (millimeters) 


0.330 (8.39) 
0.300 (7.62) 


0.037 (0.95) 


0.021 (0.53) 


24(26) SOJ 300 mil Unit : Inches (millimeters) 


Po 
ws 
ae 
o 
x 
ao 
wT 
= 
Oo 


0.037 (0.95) 


0.032 (0.81) 
0.015 (0.38 
0.021 (0.53) 











ELECTRONICS ; . 


PACKAGE DIMENSIONS MOS DRAM 
PLASTIC SMALL OUT-LINE J-LEAD | 


24(28) SOJ 400 mil | Unit : Inches (millimeters) 


0.435 (11.06) 
0.445 (11.30) 
0.400 (10.16) 


> 0,006 (0.15) 
0.012 (0.30) 


0.037 (0.95) 


0.021 (0.53) 


Unit : Inches (millimeters) 


0.435 (11.06) 
0.400 (10.16) 


> 9.006 (0.15) 
0.012 (0.30) 


0.720(18.30 
0.730(18.54) 
0.148 (3.75) 
MAX 


0.037 (0.95) 


0.021 (0.53) 








| ELECTRONICS : ) ee 


PACKAGE DIMENSIONS CMOS DRAM 


PLASTIC SMALL OUT-LINE J-LEAD 


32 SOU 400 mil | | Unit : Inches (millimeters) 


0.435 (11.06) 
0.445 (11.30) 
0.400 (10.16) 

0.380 (9.65) 


0.006 (0.15) 
0.012 (0.30) 


0.037 (0.95) 


0.021 (0.53) 


Unit : Inches (millimeters) 


34 SOJ 500 mil 


0.500 (12.70) 
0.480(12.19) 


0.006 (0.15) 
0.012 (0.30) - 


0.027 (0.69) 


0.037 (0.95) 
0.032 (0.81) 


0.015 (0.38 
0.021 (0.53) 
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PACKAGE DIMENSIONS _ . ss &MOS DRAM 
PLASTIC SMALL OUT-LINE J-LEAD 


40SOJ 400 mil a Unit : Inches (millimeters) 


0.400 (10.16) 


> 0.006 (0.15) 
0.012 (0.30) 


0.037 (0.95) 


0.021 (0.53) 


Re ceu anoint a Unit : Inches (millimeters) 


0.400(10.18) 


0.027 (0.69) 


0.037 (0.95) | o. 
0.032 (0.81) 
0.015 (0.38 
0.021 (0.53) 











ELECTRONICS | 


PACKAGE DIMENSIONS 7 __CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I) 
(Forward and Reverse Type) 


20(26) TSOP(II) 300 mil : Unit : Inches (millimeters) 


0.355(9.02) 
0.371(9.42) 


0.004 (0.10). 
0.001 (0.25) 


0.020 (0.50) 0.024 (0.60) 


0.037 (0.95) | | ' 0.050 {1.27) 0.000 (0.00 | 
MIN 0~8° 
0.012 (0.30 0.40) 


24(26) TSOP(II) 300 mil : Unit : Inches (millimeters) 


0.355(9.02) 
0.371{9.42) 
0.300 (7.62) 


~plg-0.004 (0.10)_ 
0.010 (0.25) 


Fe eR I TTT, 
& r : 
0.037 (0.95) | | 0.050 (1.27) | 19.000 (0. ac 
MIN 3 0~8° 
: 7 0.016 (0.40) , | | : ae 


0.020 (0.50) 0.024 (0.60) 





ELECTRONICS 


PACKAGE DIMENSIONS eye CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) 
(Forward and Reverse Type) 


24(28) TSOP(II) 400 mil : | Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


9.004 (0.10 
0.010 (0.25) 


0.037 (0.95) | | 0.050 (1.27) i 0.012 (0.30) | a | 
Ss 0.020 (0.50) . ay, \ 
; —} 
0.016(0.40) cy | 


0.024(0.60) 


28 TSOP(II) 400 mil | Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.047 (1.20) _ 


40.004 (0.10) 
0.010 (0.25) 
LT RA IS a EE TE, 
TERR RII RR eo ee 


0.037 (0.95) | | | | 0,050 (1.27) \ AN 
Po . MIN ses 


0.020 (0.50) Mis —=} 
0.016(0.40) 
0.024(0.60) 






ELECTRONICS 


‘PACKAGE DIMENSIONS | | CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 


32 TSOP(II) 400 mil Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


| 9.004 {0.10) 
0.010 (0.25) 


0.047 (1.20) 


0.012 (0.3 ay, 
0.020 (0.5) 0~8° 
0.016 (0.40) 
"0.024 (0.60) 


Unit : Inches (millimeters) . 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.741 (18.81) | oom (0:10) 
MAX (010 (0.25) 


0.721 (18.31) 
- 0.047 (1.20) 
MAX 


| ‘ 0.010 (0.25) 
0.018 (0.45) 0~8° 
0.016 (0.40) ~ 


0.024 (0.60) 





“inl ELECTRONICS 


PACKAGE DIMENSIONS Tv. _— | CMOS DRAM 


PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) 
(Forward and Reverse Type) 


44(50) TSOP(Il) 400 mil | . Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


0.010 (0.25 
0.018 (0.45) 0~8° 
0.016 (0.40) |. aane 
0.024 (0.60) 


Unit : Inches (millimeters) 


0.455 (11.56) 
0.471 (11.96) 
0.400 (10.16) 


{ly 9.904 (0.10) _ 
0.010 (0.25) 


: ¥ Ps , 
.000 (0.00) 
0.008 (0.2 ; 
0.016 (0.4) 0~8° 
0.016 (0.40) , ~~. 
0.024 (0.60) 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 


Northwest North Central Northeast 
3655 North First Street 300 Park Boulevard 119 Russell Street 
San Jose, CA 95134 Suite 210 Littleton, MA 01460 


Itasca, IL 60143-2636 
TEL: (708) 775-1050 
FAX: (708) 775-1058 


TEL: (508) 486-0700 
FAX: (508) 486-8209 


TEL: (408) 954-7000 
FAX: (408) 954-7883 


Southwest | South Central Southeast 
16253 Laguna Canyon Road 15851 Dallas Parkway 802 Greenvalley Road 
Suite 100 Suite 410 Suite 204 


Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 


Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 


Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ALABAMA — 


COLORADO 
SOUTHERN COMPONENT SALES 
307 Clinton Ave. East TEL: (205) 533-6500 FRONT RANGE MARKETING _ TEL: (303) 443-4780 
Sadia FAX: (205) 533-6578 3100 Arapahoe Road FAX: (303) 447-0371 
Huntsville, AL 35801 Suite 404 
ARIZONA ao Eos CO 80303 
O'DONNELL ASSOCIATES __ TEL: (602) 944-9542 
2432 W. Peoria Ave. FAX: (602) 861-2615 B/B TECH SALES TEL: (305) 477-0341 
Suite 1026 3900 N.W. 79th Avenue FAX: (305) 477-0343 
Phoenix, AZ 85029 Suite 636 
O'DONNELL ASSOCIATES _TEL: (602) 797-2047 Miami, FL 33166 | 
11449 N. Copper Springs Trail FAX: (602) 797-2047 DYNE-A-MARK TEL: (407) 660-1661 
Tucson, AZ 85737 §00 Winderley Place FAX: (407) 660-9407 
| Suite 110 
CALIFORNIA Maitland, FL 32751 | 
BESTRONICS TEL: (619) 693-1111 neds engine lies oe basepairs 
9683 Tierro Granda Street FAX: (619) 693-1963 one ee : (305) 
Suite 102 Fort Lauderdale, FL 33309 
San Diego, CA 92126 DYNE-A-MARK TEL: (407) 725-7470 
l-SQUARED TEL: (408) 988-3400 742 Penguin Ave., NE FAX: (407) 984-2718 
3355-1 Scott Bivd. FAX: (408) 988-2079 Palm Bay, FL 32905 
Suite 102 DYNE-A-MARK TEL: (813) 345-9411 
Santa Clara. CA 95054 7884 Tent Avenue S FAX: (813) 345-3731 
WESTAR REP COMPANY TEL: (714) 453-7900 oe sburg, FL 33707 
aoe apie PRE AETA) AOS: (990 SOUTH ATLANTIC COMPONENT SALES 


irvine, CA 92718 

WESTAR REP COMPANY 

26500 Agoura Rd. 

Suite 204 

Calabasas, CA 91302 
CANADA. 

INTELATECH, INC. 

275 Michael Copeland Drive 

Kanata, Ontario K2M 2G2 

INTELATECH, INC. 

3700 Griffith Street 

Suite 93 

St. Laurent, Quebec H4T 1A7 

_ INTELATECH, INC. 

§525 Orbitor Drive 

Suite 2 

Mississauga, Ontario L4W4Y8 


Prinsunig 


ELECTRONICS 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (613) 762-8014 
FAX: (613) 253-1370 


TEL: (514) 343-4877 


FAX: (514) 343-4355 _ 


TEL: (905) 629-0082 
FAX: (905) 629-1795 


3300 Holcomb Bridge Road 
Suite 210 
Norcross, GA 30092 


ILLINOIS 


DAVIX INTERNATIONAI. LTD. 
1655 N. Arlington Heights Rd. 
Suite 204East 


Arlington Heights, iL. 60004 
DIANA 


GEN Il MARKETING, INC. 
31 E. Main Street 

Carmel, IN 46032 

GEN Il MARKETING, INC 
1415 Magnavox Way 
Suite 130 

Ft. Wayne, IN 46804 


TEL: (404) 447-6154 
FAX: (404) 447-6714 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


TEL: (219) 436-4485 
FAX: (219) 436-1977 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 





IOWA 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


4001 Shady Oak 
Marion, IA 52302 
KANSAS 


TEL: (319) 377-1129 
FAX: (319) 377-1539 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


8843 Long St. 
Lenexa, KS 66215. 
KENTUCKY 


GEN li MARKETING, INC. 


4012 Dupont Circle 
Suite 414 
Louisville, KY 40207 


_ MASSACHUSETTS 


NEW TECH SOLUTIONS, INC. 


111 South Bedford Street 
Suite 102. 


Burlington, MA 01803 
MICHIGAN 


MICROTECH SALES 

9357 General Drive 

Suite 116 

Plymouth, MI 48170 
MINNESOTA 

GP SALES, INC. 

7600 Parkiawn 

Suite 315 

Edina, MN 55435 
MISSOURI 


TEL: (913) 888-0022 
FAX: (913) 888-4848 


TEL: (502) 894-9903 
FAX: (502) 893-2435 


TEL: (617) 229-8888 
FAX: (617) 229-1614 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


ASSOCIATED ELECTRONIC MARKETERS, INC. 


11520 St. Charles Rock Rd. 


Suite 131 

Bridgeton, MO 63044 
NEW YORK 

NEPTUNE ELEC. 

"255 Executive Dr. 

Suite 211 

Plainview, NY 11803 

T-SQUARED 

6170 Wynmoor Drive 

Cicero, NY 13039 

T-SQUARED 

7353 Victor-Pittsford Road 

Victor, NY 14564 

T-SQUARED 


1790 Pennsylvania Avenue 


Apalachin, NY 13732 
NORTH CAROLINA 


TEL: (314) 298-9900 
FAX: (314) 298-8660 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


TEL: (315) 699-1559 
FAX: (315) 699-1705 


TEL: (716) 924-9101 
FAX: (716) 924-4946 


TEL: (607) 625-3983 


"FAX: (607) 625-5294 


SOUTH ATLANTIC COMPONENT SALES 


5200 Park Road 
Suite 103 
Charlotte, NC 28209 


TEL: (704) 525-0510 
FAX: (704) 525-9714 


SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive 
Suite 268 
Raleigh, NC 27606. 
OHIO 


TEL: (919) 859-9970 
FAX: (919) 859-9974 


J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325 


129 W. Main Street 
New Lebanon,OH 45345 


FAX: (513) 687-2930 


J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 


3591 Milton Avenue 
Columbus, OH 43214 





ELECTRONICS 


FAX: (614) 262-0384 


J.N. BAILEY & ASSOCIATES = TEL: (216) 273-3798 


1667 Devonshire Drive — 

Brunswick,OH 44212 
OREGON 

ATMI 

4900 SW Griffith 

Suite 155 

Beaverton, OR 97005 
PENNSYLVANIA 


CMS SALES & MARKETING 


527 Plymouth Road 
Suite 420 


Plymouth Meeting, PA 19462 


PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 
TEXAS 
O'DONNEL ASSOCIATES 
5959 Gateway West 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIATES 
555 Republic Drive 
Suite 105 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Bivd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
10700 Richmond Avenue 
Suite 108 
Houston, TX 77042 
UTAH — 


FAX: (216) 225-1461 


TEL: (503) 643-8307 
FAX: (503).643-4364 


TEL: (215) 834-6840 
FAX: (215) 834-6848 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEL: (915) 778-2581 
FAX: (915) 778-6429 


TEL: (214) 881-1940 
FAX: (214) 423-8556 


TEL: (512) 345-8498 
FAX: (512) 346-4037 


TEL: (713) 974-3287 
FAX: (713) 974-3289 


FRONT RANGE MARKETING, INC. 


488 E. 6400 South 

Suite 280 

Murray, UT 84107 
WASHINGTON 

ATMI . 

8521 154th Ave., NE 

Redmond, WA 98052 
WISCONSIN 


TEL: (801) 288-2500 
FAX: (801) 288-2505 


TEL: (206) 869-7636 
FAX: (206) 869-9841 


DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 


SAMSUNG SEMICONDUCTOR MUENCHEN OFFICE MILANO OFFICE LONDON BIRMINGHAM OFFICE 

EUROPE GmbH Cari-Zeiss-Ring 9 Viale G. Matteotti, 26 Samsung House - Florence House St. 

Am Unisyspark 1, D-85737 Ismaning bei 1-20095 Cusano 225 Hook Rise South Mary's Road Hinckley, 

65843 Sulzbach (Germany) Muenchen Milanino Surbiton Leicestershire LE10 

TEL: 0049-6196-582-06 TEL: 0049-89-964838 TEL: 0039-2-66400181 Surrey 1EQ 

FAX: 0049-6196-750-345 FAX: 0049-89-964873 FAX: 0039-2-6192279 KT6 7LD TEL: 0044-455-891111 
TEL: 0044-81-3914550 FAX: 0044-455-612345 


PARIS OFFICE STOCKHOLM — FAX: 0044-81-9742540 

Centre d'Affaires La OFFICE 

Boursidiere RN 186, Bat. Bergkaeliavaegen 32 BARCELONA OFFICE BELGIUM OFFICE 
Bourgogne, BP 202 P.O. Box 319 C. Provenza, 5193-1 Rue de Geneve 10, 
92357 Le Plessis-Robinson $-19130 Sollentuna E-08025 Barcelona B3 B-1140 Brussels 
TEL: 0033-1-40940700 TEL: 0046-8-6269626 TEL: 0034-3-4-504876 TEL: 0032-2-2456510 
FAX: 0033-1-40940216 FAX: 0046-8-6268638 FAX: 0034-3-4-331944 FAX: 0032-2-2456313 








SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 





EUROPE 
BELGIUM - GERMANY 
' DANE-LEC BELGIUM ASTRONIC GmbH 
91-93 Rue J.D. Navez TEL : 0032-2-2167058 Gruenwalder Weg 30 TEL : 0049-89-6130303 
B-1210 Bruxelles FAX : 0032-2-2166871 D-82041 Deisenhofen FAX : 0049-89-6131668 
DENMARK. CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 TEL : 0049-511-87640 
EXATEC A/S ° 
Mileparken 20E TEL : 0045-44927000 D-30539 Hannover Delete FAX : 0049-551 -8764160 
DK-2740 Skovlunde FAX : 0045-44926020 MSC VERTRIEBS GmbH 
Industrie Str. 16 TEL : 0049-7249-9100 
MIKO KOMPONENT AB 
| -76297 Stut 3 FAX : 0047-7249-7993 
Segersbyvaegen 3 TEL : 0046-853189080 ee 
S-14502 Norsborg FAX : 0046-853175340 MICRONETICS GmbH 
Dieselstrasse 12 TEL : 0049-7159-92583-0 
FINLAND D-71272 Renningen FAX : 0049-7159-9258355 
TAHINIK OY 
P.O. Box 125 TEL : 00358-1482177 SILCOM ELECTRONICS VERTRIEBS GmbH 
SF-00241 Helsinki FAX : 00358-1482189 Hindenburg Str. 284 TEL : 0049-2161-15074 
D-41061 Moenchengladbach FAX: 0049-2161-183313 
OY FINTRONIC AB 
Pyyntitie 3 TEL : 00358-0887331 ITALY 
SF-02230 Espoo FAX : 00358-088733342 DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 TEL : 0039-2-824701 
FRANCE !-20090 Assago Mi FAX : 0039-2-8242631/8242831 
MEGACHIP 
7 avenue du Canada TEL : 0033-1-69290404 FANTON COMPONENTS BOLOGNA S.R.L. 
ZA de Courtaboeuf FAX : 0033-1-69290039 Via O. Simoni, 5 TEL : 0039-51-735015 
91966 LES UILIS Cedex l-40011 Anzola dell’ Emilia FAX : 0039-51-735013 
FRANCE . 
RAFI ELETTRONICA SPA 
SCAIB . Via Savona 134 TEL : 0039-2-48300431 
80 Rue d'Arcueil TEL : 0033-1-46872313 _1-20144 Milano FAX : 0039-2-428880 
Silic 137 FAX : 0033-1-45605549 
94523 RUNGIS Cedex 
FRANCE 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS 


MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 
Postbus 48 

NI-3125 BD Schiedam 


SPAIN 


SEMICONDUCTORS S.A. 
Ronda General Mitre .. 
240 Bis | 

E-08006 Barcelona 


SWEDEN 


MIKO KOMPONENTS 

Segersbyvaegen 3 

P.P. Box 2001 
S-14502 Norsborg 


TEL: 0031-10-4277777 
FAX: 0031-10-4154867 


TEL: 0034-3-2172340 
FAX: 0034-3-2176598 


TEL : 0046-853-189080 
FAX : 0046-853-175340 





SWITZERLAND 


ELBATEX AG 
Hard Str. 72 
CH-5430 Wettingen Schweiz 


UNITED KINGDOM 


MAGNATEC 
Coventry Road 
Lutterworth 
Leicestershire 
LE17 4JB 


ICE ELECTRONICS LTD. 
31-32 Stephenson Road —- 
Burrel Road Industrial Estate 
St. lves 

Cambridgeshire 

PE17 4WJ 


TEL: 


FAX 


TEL 
FAX : 


TEL 





0041-56275511 


: 0041-56275532 


: 0044-455-5547 11 


0044-455-552612 


: 0044-480-496466 
FAX : 


0044-480-496621 





SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ASIA 


HONG KONG 


AV. CONCEPT LTD. 

Unit 11-15, 11/F1, Block A, 
Focal Industrial Centre 

21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 


TEL : 3347333 
FAX : 7643108 


PROTECH COMPONENTS LTD. 


Unit 2,3/F, Wah Shing Centre, TEL : 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, 

Hong Kong 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/Fi., TEL : 7658923 
Hunghom Commercial Centre, FAX : 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


_ IBDT HK LTD. (CHINA AREA) 
Unit 2, 23rd floor, 

Westlands Center, 

No.20 Westlands Road, 

Quarry Bay, Hong Kong 


TEL : 565-5898 
FAX: 564-5411 


SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 


Unit 1, 11/F, Tower 1, Harbour 
Centre, 1, Hok cheung 
St, Hunghom, Kowloon, 


TEL : 3633233 
FAX: 3633900 


Hong Kong 

ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 

Unit 502, 5/F, Tower II, TEL: 7991996 
Enterprise Square, FAX: 7559452 


9 Sheung Yuet Road, Kowloon Bay, 
Kowloon, Hong Kong 


LISENG & CO. 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Flat B&C, 6/F, Four Seas TEL : 5431338 
Communication Bank Bldg, FAX: 5442602 
49-51 Bonham Strand 

West, Hong Kong 


‘SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL : 418-0988 
Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4,5/F1., 

Yuen Shing Ind. Bldg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 


«am 


TEL : 7862611 
FAX: 7856213 
TLX : 45876 MYK HX 





TLX : 52543 SECL HX 








SYNTHESIS SYSTEMS DESIGN, LTD.. 


(ASIC DESIGN HOUSE) 


Unit 4,12/F Chai Wan Ind. City, TEL 
Phase 2, No. 70, Wing Tai Road, FAX 
Chai Wan, Hong Kong 


TAIWAN 
YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, TEL 
Cheng Kung Rd. Nan Kang, FAX 
Taipei, R.O.C. 
SANT SONG CORP. 
4F, No.12, Lane 94, Tsao TEL 
Ti Wei, Shen Keng Hsiang, FAX 


Taipei Hsien, Taiwan, R.O.C. 


SUPREME ELECTRONICS CO., LTD. 
18Fl., No.67, Section 2, 
Tun hwa S. Road, 
Taipei, Taiwan, R.O.C. 


JAPAN 


TOMEN ELECTRONICS CORP. 


1-1 Uchisaiwa-Cho 2 Chome TEL 
Chiyoda-Ku Tokyo, 100 Japan =. FAX 


RIKEI 

Nichimen Bidg., TEL : 
2-2 Nakanojima 2 Chome, FAX: 
Kita-Ku, Osaka, 530 Japan 

ISECO 

26-3, Kitamagome 2 Chome, TEL : 
Ota-Ku, Tokyo, 143, Japan FAX: 
ADO 

7F Sasage Bldg., TEL: 
4-6 Sotokanda 2 Chome FAX: 
Chiyoda-Ku Tokyo, 101 Japan 
MARUBUN 

8-1 Nihombashi-Odenma-Cho TEL: 
Chuo-Ku Tokyo, 103 Japan FAX: 
SAMSUNG JAPAN . 
17F, Hamacho Center BLDG. TEL : 


2-31-1, Nihonbashi-Hamacho FAX: 


Chuo-ku, TOKYO 103 JAPAN 


: 557-1102 
: 889-2962 


: (02)788-1991 
: (02)788-1996 


: (02) 662-7829 
: (02) 662-0781 


TEL : (02) 7023258/7023278 
FAX : (02) 7063196 


: (03) 3506-3654 
: (03) 3506-3497 


(06) 201-2081 
(06) 222-1185 


(03) 3777-3611 
(03) 3777-3614 


(03) 3257-2600 
(03) 3251-9705 


(03) 3639-9897 
(03) 3661-7433 - 


(03) 5641-9651 
(03) 5641-9713 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 

203, Henderson Road » TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-2769996 
Singapore 0315 | 


BOSTEX ELECTRONICS PTE LTD.. | 
No.221 Henderson Road —- TEL: 2765130 
#04-06 Henderson Building FAX : 2765132 


Singapore 0315 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bidg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 
' #04-04 Valiant. Industrial Bidg., FAX: 7471128 

Singapore 1334 


SYARIKAT SAMSUNG ELECTRONICS(S) PTE LTD. 
Suite 9-2, Menara Penang TEL : 229-1670~1 
Garden 42A, Jalan Suitan FAX : 229-1678 
Ahmad Shah 10050 Penang, 

Malaysia 


VUTIPONG ELECTRONIC CO., LTD. . 
51-53 Pahurat Rd, (Banmoh) TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

4,SHENTON WAY, #18-01/10 TEL : 65-5352808 
Shingwan House, FAX : 65-2772792 
Singapore 0106 


WESTECH ELECTRONICS CO., LTD. 

77/113, Ladprao SO! 3, TEL : 662-512-2751 
Ladyao, Jatujak, Bangkok FAX : 662-512-5531 
10900, Thailand 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 

100, Dadasaheb Phalke Road, TEL: 4114585 . 
Dadar, Bombay 400 _ FAX: 4112546 

014 TLX: 001-4605 PDT IN 








TURKEY 


ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim —_—s*iTEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 


Turkey TLX: 29569 elts tr 
CHINA 

IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 

Rm 501, 2 TEL : (021) 4316170 


750 Zhao Jia Bang Rang Road, FAX: (021) 4316170 
Shanghai, China 


KOREA 
NAEWAE SEMICONDUCTOR CoO., LTD. 
Bangbae Center Bldg., TEL: (02)595-1 010 


875-5, Bangbae-4dong, 
Seocho-ku, Seoul, Korea 


FAX: (02)595-7888 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 

4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bidg,., 718-9531—5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 


4th FI. Room 410-411, TEL: 718-8531—4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 

HANKOOK SEMICONDUCTOR & 


TELECOMMUNICATION CO., LTD. 

#302, Monami Bldg., 125-20, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, FAX: (02)542-2454 
Seoul, Korea 


SEGYUNG INTERISE CORP. 

Dansan Bldg., 301, 7-44 © TEL : (02)469-3511 
Hwayang-dong, Sungdong-ku, FAX: (02)469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
. 182-2, Jangsa-dong, 
_ Jongro-ku, Seoul, Korea 


TEL : (02)273-6781 
FAX: (02)275-9448 
TLX : K24950 SUKSEMT 


SAMTEK . 

- 3/4 FL. Chungju Bldg., 
156-16, Samsung-dong, 
Kangnam-ku, Seoul, Korea 


TEL : (02)538-4400 
FAX: (02)538-4338—9 


SUNIN TRADING CO., LTD. 
Sunin Bidg., 7FI., 16-8, 
Hankangro-2ka, Yongsan-ku, 
Seoul, Korea 


TEL: (02)702-1257—8 
FAX: (02)704-0997 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 


ARIZONA 
ADDED VALUE 
7741 East Gray Road 
Suite 9 
Scottsdale, AZ 85260 


CALIFORNIA 
ADDED VALUE 
1582 Parkway Loop 
Unit G 
Tustin, CA 92680 
ADDED VALUE 
5752 Oberlin Drive 
Suite 105 
San Diego, CA 92121 
ALL AMERICAN 
369 Van Ness Way 
Unit 701 
Torrance, CA 90501 
ALL AMERICAN 
2360 Qume Drive, Suite C 
San Jose, CA 95131 
ALL AMERICAN 
5060 Shoreham Place 
Suite 200 
San Diego, CA 92122 
1.E.C. 
9940 Business Park Drive 
Suite 145 
Sacramento, CA 95827 | 
ITT Components 
18 Technology Drive 
Irvine, CA 92718 
ITT Components 
1580 Oakland Road 
Suite C102 
San Jose, CA 95131 
JACO 
1541 Parkway Loop 
Suite A 
Tustin, CA 92680 
JACO 
2282 Townsgate Road 
Suite 100 
Westlake Village, CA 91361 
JACO 
2880 Zanker Road 
Suite 202 
San Jose, CA 95134 


CANADA 

ACTIVE 

237 Hymus Boulevard 

Point Claire, Quebec H9R 5C7 
ACTIVE . 

100 S.E. Marine Drive 
Vancouver, BC V5X 2S3 
ACTIVE 

100 Lombard Street 
Toronto, Ontario M5C 1M3 
ACTIVE 
5651 Ferrier Street 
Montreal, Quebec H4AP 1N1 





(602) 951-9788 
FAX: (602) 951-4182 


(714) 259-8258 
FAX: (714) 259-0828 


(619) 558-8890 
FAX: (619) 558-3018 


(800) 831-8300 
(213) 320-0240 
FAX: (213) 320-7207 


(408) 943-1200 
FAX: (408) 943-1393 


(619) 458-5850 | 
FAX: (619) 458-5866 


(916) 363-6030 
FAX: (916) 362-6926 


(714) 727-4001 
FAX: (714) 727-2109 
(408) 453-1404 
FAX: (408) 453-1407 


(714) 258-9003 
FAX: (714) 258-1909 


(805) 495-9998 


(800) 266-1282 
FAX: (805) 494-3864 


(408) 432-9290 
FAX: (408) 432-9298 


(514) 694-7710 
FAX: (614) 697-8112 


(604) 324-7500 
FAX: (604) 324-3100 


(416) 367-2911 
FAX: (416) 367-4706 


(514) 731-7441 
FAX: (514) 731-0129 


CANADA (Continued) 
ACTIVE 


3220 Sth Avenue, N.E. Bay 2 
Calgary, Alberta T2A 5N1 


ACTIVE 
106 King Edward St., E 


Winnepeg, Manitoba R3H ONS 


ACTIVE 


1350 Matheson Bivd, Unit 2 
Mississauga, Ontario L4W 4Ml 


ACTIVE 
6029 103rd St. 


Edmonton, Alberta T6H 2H3 


ACTIVE | . 
1990 Bivd. Charest O. 


Ste-Foy, Quebec G1N 4K8 


ACTIVE 
1023 Merivale Road 


Ottawa, Ontario K1Z 6A6 


ACTIVE 
6080 Metropolitan East 


Montreal, Quebec H1S 1A9 


COLORADO 
ADDED VALUE 
4090 Youngfield 
Wheatridge, CO 80033 
1.E.C. 
420 East 58th Avenue 
Denver, CO 80216 
1.E.C. | 
5750 North Logan Street 
Denver, CO 80216 
Q.P.S. 
14291 E. 4th Avenue 
Bidg. 7, Unit 208 
Aurora, CO 80011 


FLORIDA 
ALL AMERICAN 
16085 NW 52 Avenue 
Miami, Fi. 33014-9317 
ALL AMERICAN 
5009 Hiatus Road 
Sunrise, FL 33351 
JACO 
1060 Holland Drive 
Suite 3K 
Boca Raton, FL 33487 
RM ELECTRONICS 
581 East St. Rte. 434 
Longwood, FL 32750 


ILLINOIS 
1.E.C. 


2200 N. Stronington Ave., 


Suite 210 


Hoffman Estates, IL 60195 


QPS 
101 E. Commerce Dr. 
Schaumburg, IL 60173 


(403) 235-5300 
FAX: (403) 248-0750 


(204) 786-3075 
FAX: (204) 783-8133 


(416) 238-8825 
FAX: (416) 238-2817 


(403) 438-5888 
FAX: (403) 434-0812 


(418) 682-5775 
-FAX: (418)682-8303 


(613) 728-7900 
FAX: (613) 728-3586 


(514) 256-7538 
FAX: (514) 256-4890 


(303) 422-1701 
FAX: (303) 422-2529 


(303) 292-5537 
FAX: (303) 292-0114 | 


(303) 292-6121 | 
FAX: (303) 297-2053 


(303) 343-9260 
FAX: (303) 343-3051 


(305) 621-8282 
FAX: (305) 620-7831 


_ (800) 327-6237 


FAX: (305) 749-9229 
(407) 241-7943 
FAX: (407) 241-7950 
(407) 767-8005 

FAX: (407) 767-8165 
(708) 843-2040 


FAX: (708) 843-2320 


(708) 884-6620 
FAX: (708) 884-7573 | 
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INDIANA . 
RM ELECTRONICS 
1329 W. 96th Street . 
Suite 10 ; 
Indianapolis, IN 462 


MARYLAND 
ALL AMERICAN 
14636 Rothgeb Dr. 
Rockville, MD 20850 
JACO 
Rivers Center 
10270 Old Columbia Road 
Columbia, MD 21046 


MASSACHUSETS 
ALL AMERICAN 
107 Audubon Road 
Suite 104 
Wakefield, MA 01880 


JACO 
1053 East Street. 
Tewksbury, MA 01876 


MICHIGAN 
RM ELECTRONICS 
4310 Roger B. Chaffee Drive 
Grand Rapids, Mi 49508 


_ MINNESOTA 

ALL AMERICAN 

11409 Valley View Road 
_ Eden Prairie, MN 55344 


- NEW YORK 


ALL AMERICAN 
711-2 Koehier Ave. 
Ronkonkoma, NY 11779 
CAM/RPC 
200 Buell Rd. 

_ Rochester, NY 14624 
JACO 
145 Oser Avenue 
Hauppauge, NY 11788 . 


hy 


NORTH CAROLINA 
JACO 
5206 Greens Dairy Road 
Raleigh, NC 27604 


OHIO 
CAM/RPC 
749 Miner Road 
Cleveland, OH 44143 
CAM/RPC 
733 H. Lakeview Plaza Rd. 
Worthington, OH 43085 


OREGON 
1.E.C. 
6850 S.W. 105th Ave. 
Suite B 
Beaverton, Oregon 97005 


(317) 580-9999 


FAX: (317) 580-9615 


(301) 251-1205 | 
FAX: (301) 251-8574 


(410) 995-6620 


FAX: (410) 995-6032 


(617) 246-2300 
FAX: (617) 246-2305 


(508) 640-0010 
FAX: (508) 640-0755 


(616) 531-9300 
FAX: (616) 531-2990 


(612) 944-2151 
FAX: (612) 944-9803 


(516) 981-3935 | 
FAX: (516) 981-3947 


(716) 436-5070 
FAX: (716) 436-5093 


(516)-273-5500 
FAX: (516) 273-5506 


(919) 876-7767 
FAX: (919) 876-6964 


(216) 461-4700 
FAX: (216) 461-4329 


(614) 888-7777 
FAX: (614) 888-9779 


(503) 641-1690 


_ FAX: (503) 646-3737 





PENNSYLVANIA 
CAM/RPC 
620 Alpha Drive 
Pittsburgh, PA 15238 . 


TEXAS 
ALL AMERICAN 
1819 Firman Drive 
Suite 127 
Richardson, TX 75081 
JACO 
1209 N. Glenville Drive 
Richardson, TX 75081 
JACO 
10707 Corporate Drive 
Suite 124 
Stafford, TX 77477 
JACO 
2120-A Braker Lane 
Austin, TX 78758 


UTAH 
ADDED VALUE 
1836 Parkway Blvd. 
West Valley City, UT 84119 
ALL AMERICAN 
4455 South - 700 East 
Suite 301 
Sait Lake City, UT 84107 
1.E.C. 
2117 South 3600 West 
W. Valley City, UT 84119 


_ WASHINGTON - 


1.E.C. 
1750 124th Avenue, N.E. 
Bellevue, WA 98005 


(412) 782-3770 
FAX: (412) 963-6210 


(214) 231-5300 
FAX: (214) 437-0353 


(214) 234-5565 
FAX: (214) 238-7066 
(713) 240-2255 
FAX: (713) 240-6968 


(512) 835-0220 
FAX: (512) 339-9252 


(801) 975-9500 
FAX: (801) 977-0245 


(801) 261-4210 
FAX: (801) 261-3885 


(801) 977-9750 
FAX: (802) 975-1207 


(206) 455-2727 
FAX: (206) 453-2963 


NOTES 


NOTES 


NOTES 


NOTES 
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